Staphylococcus aureus polynucleotides and polypeptides 
Cross-Reference to Related Applications 

[0001] Thfit present application is a continuation-in-part of and claims priority under 35 
U.S.C. § 120 toVj.S. Application No. 08/956,171, filed October 20, 1997, and U.S. 
Application No. 018/781,986, filed January 3, 1997, each of which claims benefit under 35 
U.S.C. § 1 19(e) toVj.S. Provisional Application No. 60/009,861, filed January 6, 1996; the 
present application fls also a continuation-in-part of and claims priority under 35 U.S.C. § 
120 to International Application No. PCT/US00/23773, filed August 31, 2000 (published 
by the International Bul\eau in the English language on March 8, 2001 as International 
Publication No. WO 01/M292), which claims benefit under 35 U.S.C. § 1 19(e) of U.S. 
Provisional Application No. 60/151,933, filed September 1, 1999, each of which is hereby 
incorporated by reference in\its entirety. 

Field of the Invention 

[0002] The present invention relates to novel Staphylococcus aureus genes (S. aureus) 
nucleic acids and polypeptides. Also provided are vectors, host cells and recombinant or 
synthetic methods for producing the same. Further provided are diagnostic methods for 
detecting S. aureus using probes, primers, and antibodies to the S. aureus nucleic acids 
and polypeptides of the present invention. The invention further relates to screening 
methods for identifying agonists and antagonists of S. aureus polypeptide activity and to 
vaccines using S. aureus nucleic acids and polypeptides and to therapeutics using, agonists 
and/or antagonists of the invention. 

Background of the Invention 

[0003] The genus Staphylococcus includes at least 20 distinct species. (For a review 
see Novick, R. P., The Staphylococcus as a Molecular Genetic System in MOLECULAR 

bTologYWthe^m™^ 

York (1990)). Species differ from one another by 80% or more, by hybridization kinetics, 
whereas strains within a species are at least 90% identical by the same measure. 
[0004] The species S. aureus, a gram-positive, facultatively aerobic, clump-forming 
cocci, is among the most important etiological agents of bacterial infection in humans, as 
discussed briefly below. 
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Human Health and S, aureus 

[0005] Staphylococcus aureus is a ubiquitous pathogen. See, e.g., Mims et al., 
MEDICAL MICROBIOLOGY (Mosby-Year Book Europe Limited, London, UK 1993). 
It is an etiological agent of a variety of conditions, ranging in severity from mild to fatal. 
A few of the more common conditions caused by S. aureus infection are burns, cellulitis, 
eyelid infections, food poisoning, joint infections, neonatal conjunctivitis, osteomyelitis, 
skin infections,' surgical wound infection, scalded skin syndrome and toxic shock 
syndrome, some of which are described further below. 

[0006] Burns: Burn wounds generally are sterile initially. However, they generally 
compromise physical and immune barriers to infection, cause loss of fluid and electrolytes 
and result in local or general physiological dysfunction. After cooling, contact with viable 
bacteria results in mixed colonization at the injury site. Infection may be restricted to the 
non-viable debris on the burn surface ("eschar"), it may progress into full skin infection 
and invade viable tissue below the eschar and it may reach below the skin, enter the 
lymphatic and blood circulation and develop into septicemia. S. aureus is among the most 
important pathogens typically found in burn wound infections. It can destroy granulation 
tissue and produce severe septicemia. 

[0007] Cellulitis: Cellulitis, an acute infection of the skin that expands from a 
typically superficial origin to spread below the cutaneous layer, most commonly is caused 
by S. aureus in conjunction with S. pyrogenes. Cellulitis can lead to systemic infection. 
In fact, cellulitis can be one aspect of synergistic bacterial gangrene. This condition 
typically is caused by a mixture of S. aureus and microaerophilic Streptococci, It causes 
necrosis and treatment is limited to excision of the necrotic tissue. The condition often is 
fatal. 

[0008] Eyelid infections: S. aureus is the cause of styes and of "sticky eye" in 
neonates, among other eye infections. Typically such infections are limited to the surface 
of the eye, and may occasionally penetrate the surface with more severe consequences. 

[QQ09] Food_poisoning:^ Some-Strains-of-S. aw/^ws-produce-one-or more -of- five— 

serologically distinct, heat and acid stable enterotoxins that are not destroyed by digestive 
process of the stomach and small intestine (enterotoxins A-E). Ingestion of the toxin, in 
sufficient quantities, typically results in severe vomiting, but not diarrhea. The effect does 
not require viable bacteria. Although the toxins are known, their mechanism of action is 
not understood. 



[0010] Joint infections: S. aureus infects bone joints causing diseases such 
osteomyelitis. See, e.g., R. Cunningham et al., (1996) J. Med. Microbiol. 44:157-164. 
[0011] Osteomyelitis: S. aureus is the most common causative agent of 
haematogenous osteomyelitis. The disease tends to occur in children and adolescents 
more than adults and it is associated with non-penetrating injuries to bones. Infection 
typically occurs in the long end of growing bone, hence its occurrence in physically 
immature populations. Most often, infection is localized in the vicinity of sprouting 
capillary loops adjacent to epiphysis growth plates in the end of long, growing bones. 
[0012] Skin infections: S. aureus is the most common pathogen of such minor skin 
infections as abscesses and boils. Such infections often are resolved by normal host 
response mechanisms, but they also can develop into severe internal infections. Recurrent 
infections of the nasal passages plague nasal carriers of S. aureus, 

[0013] Surgical Wound Infections: Surgical wounds often penetrate far into the body. 
Infection of such wound thus poses a grave risk to the patient. S. aureus is the most 
important causative agent of infections in surgical wounds. S. aureus is unusually adept at 
invading surgical wounds; sutured wounds can be infected by far fewer S. aureus cells 
then are necessary to cause infection in normal skin. Invasion of surgical wound can lead 
to severe S. aureus septicemia. Invasion of the blood stream by S. aureus can lead to 
seeding and infection of internal organs, particularly heart valves and bone, causing 
systemic diseases, such as endocarditis and osteomyelitis. 

[0014] Scalded Skin Syndrome: S. aureus is responsible for "scalded skin syndrome" 
(also called toxic epidermal necrosis, Ritter's disease and Ly ell's disease). This diseases 
occurs in older children, typically in outbreaks caused by flowering of S. aureus strains 
produce exfoliation(also called scalded skin syndrome toxin). Although the bacteria 
initially may infect only a minor lesion, the toxin destroys intercellular connections, 
spreads epidermal layers and allows the infection to penetrate the outer layer of the skin, 
producing the desquamation that typifies the diseases. Shedding of the outer layer of skin 
generally_rev_eals_normal_skin_below,_but-fluid lost in the-process can-produce severe injury- 
in young children if it is not treated properly. 

[0015] Toxic Shock Syndrome: Toxic shock syndrome is caused by strains of S. 
aureus that produce the so-called toxic shock syndrome toxin. The disease can be caused 
by S. aureus infection at any site, but it is too often erroneously viewed exclusively as a 
disease solely of women who use tampons. The disease involves toxemia and septicemia, 



and can be fatal. 

[0016] Nosocomial Infections: In the 1984 National Nosocomial Infection 
Surveillance Study ("NNIS") S. aureus was the most prevalent agent of surgical wound 
infections in many hospital services, including medicine, surgery, obstetrics, pediatrics 
and newborns. 

[0017] Other Infections: Other types of infections, risk factors, etc. involving S. 
aureus are discussed in: A. Trilla (1995) J. Chemotherapy 3:37-43; F. Espersen (1995) J. 
Chemotherapy 3:11-17; D.E. Craven (1995) J. Chemotherapy 3:19-28; J.D. Breen et al. 
(1995) Infect. Dis. Clin. North Am. 9(1): 1 1-24 (each incorporated herein in their 
entireties). 

Resistance to drugs of S. aureus strains 

[0018] Prior to the introduction of penicillin the prognosis for patients seriously 
infected with S. aureus was unfavorable. Following the introduction of penicillin in the 
early 1940s even the worst S. aureus infections generally could be treated successfully. 
The emergence of penicillin-resistant strains of S. aureus did not take long, however. 
Most strains of S. aureus encountered in hospital infections today do not respond to 
penicillin; although, fortunately, this is not the case for S. aureus encountered in 
community infections. It is well-known now that penicillin-resistant strains of S. aureus 
produce a lactamase which converts penicillin to pencillinoic acid, and thereby destroys 
antibiotic activity. Furthermore, the lactamase gene often is propagated episomally, 
typically on a plasmid, and often is only one of several genes on an episomal element that, 
together, confer multidrug resistance. 

[0019] Methicillins, introduced in the 1960s, largely overcame the problem of 
penicillin resistance in S. aureus. These compounds conserve the portions of penicillin 
responsible for antibiotic activity and modify or alter other portions that make penicillin a 
good substrate for inactivating lactamases. However, methicillin resistance has emerged 
in- S. aureus— along— with resistance to- many-other-antibioties-effeetive-against-this- 
organism, including aminoglycosides, tetracycline, chloramphenicol, macrolides and 
lincosamides. In fact, methicillin-resistant strains of S. aureus generally are multiply drug 
resistant. 

[0020] Methicillian-resistant S. aureus (MRSA) has become one of the most important 
nosocomial pathogens worldwide and poses serious infection control problems. Today, 



many strains are multiresistant against virtually all antibiotics with the exception of 
vancomycin-type glycopeptide antibiotics. 

[0021] Recent reports that transfer of vancomycin resistance genes from enterococci to 
S. aureus has been observed in the laboratory sustain the fear that MRSA might become 
resistant against vancomycin, too, a situation generally considered to result in a public 
health disaster. MRSA owe their resistance against virtually all P-lactam antibiotics to the 
expression of an extra penicillin binding protein (PBP) 2a, encoded by the mecA gene. 
This additional very low affinity PBP, which is found exclusively in resistant strains, 
appears to be the only pbp still functioning in cell wall peptidoglycan synthesis at P- 
lactam concentrations high enough to saturate the normal set of S. aureus PBP 1-4. In 
1983 it was shown by insertion mutagenesis using transposon Tn551 that several 
additional genes independent of mecA are needed to sustain the high level of methicillin 
resistance of MRSA. Interruption of these genes did not influence the resistance level by 
interfering with PBP2a expression, and were therefore called fern (factor essential for 
expression of methicillin resistance) or awe (auxiliary genes). 

[0022] In the meantime six fern genes (femA- through F) have been described and the 
minimal number of additional aux genes has been estimated to be more than 10. 
Interference with femA and femB results in a strong reduction of methicillin resistance, 
back to sensitivity of strains without PBP2a. The fern genes are involved in specific steps 
of cell wall synthesis. Consequently, inactivation of fern encoded factors induce P-lactam 
hypersensitivity in already sensitive strains. Both femA and femB have been shown to be 

-involved in _ peptidoglycan pentaglycine interpeptide bridge formati on. FemA is 

responsible for the formation of glycines 2 and 3, and FemB is responsible for formation 
of glycines 4 and 5. S. aureus may be involved in the formation of a monoglycine 
muropeptide precursors. FemC-F influence amidation of the iso-D-glutamic acid residue 
of the peptidoglycan stem peptide, formation of a minor muropeptide with L-alanine 
instead of glycine at position 1 of the interpeptide bridge, perform a yet unknown function, 
or arV irwolvedTh an early r l;tep~of peptidoglycan - ^ 
lysine), respectively. 

Summary of the Invention 

[0023] The present invention provides isolated S. aureus polynucleotides and 

polypeptides shown in Table 1 and SEQ ID NO:l through SEQ ID NO:74. Polynucleotide 
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sequences are shown as the odd numbered SEQ ID NOs (e.g., SEQ ID NO:l, SEQ ID 
NO:3, SEQ ID NO:5, and so on up to SEQ ID NO:73). The polypeptide sequences are 
shown as the even numbered SEQ ID NOs (e.g., SEQ ID NO:2, SEQ ID NO:4, SEQ ID 
NO:6, and so on up to SEQ ID NO:74). One aspect of the invention provides isolated 
nucleic acid molecules comprising or alternatively, consisting of, polynucleotides having a 
nucleotide sequence selected from the group consisting of: (a) a nucleotide sequence 
shown in Table 1 ; (b) a nucleotide sequence encoding any of the amino acid sequences of 
the polypeptides shown in Table 1; (c) a nucleotide sequence encoding an antigenic 
fragment of any of the polypeptides shown in Table 1 ; (d) a nucleotide sequence encoding 
a biologically active fragment of any of the polypeptides shown in Table 1; and (e) a 
nucleotide sequence complementary to any of the nucleotide sequences in (a), (b), (c) 
and/or (d). The invention further provides for fragments of the nucleic acid molecules of 
(a), (b), (c), (d) and/or (e) above. 

[0024] Further embodiments of the invention include isolated nucleic acid molecules 
that comprise or alternatively, consist of, a polynucleotide having a nucleotide sequence at 
least 90% identical, and more preferably at least 95%, 96%, 97%, 98%, 99% or 100% 
identical, to any of the nucleotide sequences in (a), (b), (c), (d), or (e) above, or a 
polynucleotide which hybridizes under stringent hybridization conditions to a 
polynucleotide in (a), (b), (c), (d) or (e) above. Additional nucleic acid embodiments of 
the invention relate to isolated nucleic acid molecules comprising polynucleotides which 
encode the amino acid sequences of epitope-bearing portions of a S. aureus polypeptide 
having an amino acid sequence in Table 1 , and including but not limited to those epitope- 
bearing portions shown in Table 4. 

[0025] The present invention also relates to recombinant vectors, which include the 
isolated nucleic acid molecules of the present invention, and to host cells containing the 
recombinant vectors, as well as to methods of making such vectors and host cells. The 
present invention further relates to the use of these vectors in the production of S. aureus 

polypeptides-or-peptidesby-recombinant-techniques. 

[0026] The invention further provides isolated S. aureus polypeptides having an amino 
acid sequence selected from the group consisting of an amino acid sequence described in 
(a), (b), (c), (d), or (e) above, any of the polypeptides described in Table 1 or the 
complement thereof, and/or fragments thereof. 

[0027] The polypeptides of the present invention also include polypeptides having an 



amino acid sequence with at least 70% similarity, and more preferably at least 75%, 80%, 
85%, 90%, 95%, 96%, 97%, 98%, 99%, or 100% similarity to those described in Table 1, 
as well as polypeptides having an amino acid sequence at least 70% identical, more 
preferably at least 75% identical, and still more preferably 80%, 85%, 90%, 95%, 96%, 
97%, 98%, or 99% identical to those above; as well as isolated nucleic acid molecules 
encoding such polypeptides. 

[0028] The present invention provides antagonists of the polypeptides of the invention 
(e.g., including but not limited to antibodies to the polypeptides of the invention, small 
molecule inhibitors of the polypeptides of the invention) as therapeutic treatment in a S. 
aureus mediated disease. 

[0029] The present invention further provides methods for the identification of 
antagonists of the polypeptides of the invention (e.g., including but not limited to, for 
example, small molecule inhibitors of the polypeptides of the invention) using 
polypeptides of the invention in screening assays. 

[0030] The present invention further provides a vaccine, preferably a multi-component 
vaccine comprising one or more of the S. aureus polynucleotides or polypeptides 
described in Table 1, or fragments thereof, together with a pharmaceutically acceptable 
diluent, carrier, or excipient, wherein the S. aureus polypeptide(s) are present in an amount 
effective to elicit an immune response to members of the Staphylococcus genus, or at least 
S. aureus, in an animal. The S. aureus polypeptides of the present invention may further 
be combined with one or more immunogens of one or more other staphylococcal or 
nqn-staphylococcal organisms to produce a multi-component vaccine intended to elicit an 
immunological response against members of the Staphylococcus genus and, optionally, 
one or more non-staphylococcal organisms. 

[0031] The vaccines of the present invention can be administered in a DNA form, e.g., 
"naked" DNA, wherein the DNA encodes one or more staphylococcal polypeptides and, 
optionally, one or more polypeptides of a non-staphylococcal organism. The DNA 
encoding one-or more polypeptides-may be-constructed- such-that-these polypeptides are 
expressed as fusion proteins. 

[0032] The vaccines of the present invention may also be administered as a component 
of a genetically engineered organism or host cell. Thus, a genetically engineered organism 
or host cell which expresses one or more S. aureus polypeptides may be administered to 
an animal. For example, such a genetically engineered organism or host cell may contain 



one or more S. aureus polypeptides of the present invention intracellularly, on its cell 
surface, or in its periplasmic space. Further, such a genetically engineered organism or 
host cell may secrete one or more S. aureus polypeptides. The vaccines of the present 
invention may also be co-administered to an animal with an immune system modulator 
(e.g., CD86 and GM-CSF). 

[0033] The invention also provides a method of inducing an immunological response 
in an animal to one or more members of the Staphylococcus genus, preferably one or more 
isolates of the S. aureus species, comprising administering to the animal a vaccine as 
described above. 

[0034] The invention further provides a method of inducing a protective immune 
response in an animal, sufficient to prevent, attenuate, or control an infection by members 
of the Staphylococcus genus, preferably at least S. aureus species, comprising 
administering to the animal a composition comprising one or more of the polynucleotides 
or polypeptides described in Table 1, or fragments thereof (e.g., including, but not limited 
to, fragments which comprise the epitopes shown in Table 4). Further, these polypeptides, 
or fragments thereof, may be conjugated to another immunogen and/or administered in 
admixture with an adjuvant. 

[0035] The invention further relates to antibodies elicited in an animal by the 
administration of one or more S. aureus polypeptides of the present invention and to 
methods for producing such antibodies and fragments thereof. The invention further 
relates to recombinant antibodies and fragments thereof and to methods for producing 
such antibodies and fragments thereof. 

[0036] The invention also provides diagnostic methods for detecting the expression of 
the polynucleotides and polypeptides of Table 1 by members of the Staphylococcus genus 
in a biological or environmental sample. One such method involves assaying for the 
expression of a polynucleotide encoding S. aureus polypeptides in a sample from an 
animal. This expression may be assayed either directly (e.g., by assaying polypeptide 
Jevels-using-antibodies elicited-in-response-to amino-aeid sequences described in-Table 1)- 
or indirectly (e.g., by assaying for antibodies having specificity for amino acid sequences 
described in Table 1). The expression of polynucleotides can also be assayed by detecting 
the nucleic acids of Table 1. An example of such a method involves the use of the 
polymerase chain reaction (PCR) to amplify and detect Staphylococcus nucleic acid 
sequences in a biological or environmental sample. 
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[0037] The invention also includes a kit for analyzing samples for the presence of 
members of the Staphylococcus genus in a biological or environmental sample. In a 
general embodiment, the kit includes at least one polynucleotide probe containing a 
nucleotide sequence that will specifically hybridize with a S. aureus nucleic acid molecule 
of Table 1 and a suitable container. In a specific embodiment, the kit includes two 
polynucleotide probes defining an internal region of the S. aureus nucleic acid molecule of 
Table 1, where each probe has one strand containing a 3rmer-end internal to the region. 
In a further embodiment, the probes may be useful as primers for polymerase chain 
reaction amplification. 

[0038] The present invention also relates to nucleic acid probes having all or part of a 
nucleotide sequence described in Table 1 which are capable of hybridizing under stringent 
conditions to Staphylococcus nucleic acids. The invention further relates to a method of 
detecting one or more Staphylococcus nucleic acids in a biological sample obtained from 
an animal, said one or more nucleic acids encoding Staphylococcus polypeptides, 
comprising: (a) contacting the sample with one or more of the above-described nucleic 
acid probes, under conditions such that hybridization occurs, and (b) detecting 
hybridization of said one or more probes to the Staphylococcus nucleic acid present in the 
biological sample. 

[0039] By "biological sample" is intended any biological sample obtained from an 
individual, body fluid, cell line, tissue culture, or other source which contains S. aureus 
polypeptides or polynucleotides of the invention. As indicated, biological samples include 
body fluids (such as semen, lymph, sera, plasma, urine, synovial fluid and spinal fluid) 
which contain the S. aureus polypeptides or polynucleotides of the invention, and tissue 
sources found to contain the expressed S. aureus polypeptides shown in Table 1 . Methods 
for obtaining tissue biopsies and body fluids from mammals are well-known in the art. 
Where the biological sample is to include mRNA, a tissue biopsy is the preferred source. 
[0040] The method(s) provided above may preferrably be applied in a diagnostic 
method— and/or— kits- in— which— S— -aureus— polynucleotides -and/or— polypeptides -of— the — 
invention are attached to a solid support. In one exemplary method, the support may be a 
"gene chip" or a "biological chip" as described in US Patents 5,837,832, 5,874,219, and 
5,856,174. Further, such a gene chip with S. aureus polynucleotides of Table 1 attached 
may be used to diagnose S. aureus infection in a mammal, preferably a human. The US 
Patents referenced above are incorporated herein by reference in their entirety. 



Detailed Description 

[0041] The present invention relates to recombinant S. aureus polypeptides and 
fragments thereof. The invention also relates to methods for using these polypeptides to 
produce immunological responses and to confer immunological protection to disease 
caused by members of the genus Staphylococcus. The invention further relates to nucleic 
acid sequences which encode antigenic S. aureus polypeptides and to methods for 
detecting Staphylococcus nucleic acids and polypeptides in biological samples. The 
invention also relates to Staphylococcus specific antibodies and methods for detecting 
such antibodies produced in a host animal. The invention relates to antagonists of 
polypeptides of the invention, including but not limited to antibodies and small molecule 
inhibitors. The invention further relates to methods of identifying and isolating 
antagonists of polypeptides of the invention. 

Definitions 

[0042] The following definitions are provided to clarify the subject matter which the 
inventors consider to be the present invention. 

[0043] As used herein, the phrase "pathogenic agent" means an agent which causes a 
disease state or affliction in an animal. Included within this definition, for examples, are 
bacteria, protozoans, fungi, viruses and metazoan parasites which either produce a disease 
state or render an animal infected with such an organism susceptible to a disease state 
(e.g., a secondary infection). Further included are species and strains of the genus 
Staphylococcus which produce disease states in animals. 

[0044] As used herein, the term "organism" means any living biological system, 
including viruses, regardless of whether it is a pathogenic agent. 

[0045] As used herein, the term "Staphylococcus" means any species or strain of 
bacteria which is a member of the genus Staphylococcus regardless of whether it is a 

known-pathogenic agents 

[0046] As used herein, the phrase "one or more S. aureus polypeptides of the present 
invention" means the amino acid sequence of one or more of the S. aureus polypeptides 
disclosed in Table 1 . These polypeptides may be expressed as fusion proteins wherein the 
S. aureus polypeptides of the present invention are linked to additional amino acid 
sequences which may be of Staphylococcal or non-Staphylococcal origin (e.g. His tagged 
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fusion proteins). This phrase further includes fragments of the S. aureus polypeptides of 
the present invention. 

[0047] As used herein, the phrase "full-length amino acid sequence" and "full-length 
polypeptide" refer to an amino acid sequence or polypeptide encoded by a full-length open 
reading frame (ORF). For purposes of the present invention, polynucleotide ORFs in 
Table 1 are defined by the corresponding polypeptide sequences of Table 1 encoded by 
said polynucleotide. Therefore, a polynucleotide ORF is defined at the 5' end by the first 
base coding for the initiation codon of the corresponding polypeptide sequence of Table 1 
and is defined at the 3' end by the last base of the last codon of said polypeptide sequence. 
As is well-known in the art, initiation codons for bacterial species may include, but are not 
limited to, those encoding Methionine, Valine, or Leucine. As discussed below for 
polynucleotide fragments, the ORFs of the present invention may be claimed by a 5' and 
3' position of a polynucleotide sequence of the present invention wherein the first base of 
said sequence is position 1 . 

[0048] As used herein, the phrase "truncated amino acid sequence" and "truncated 
polypeptide" refer to a sub-sequence of a full-length amino acid sequence or polypeptide. 
Several criteria may also be used to define the truncated amino acid sequence or 
polypeptide. For example, a truncated polypeptide may be defined as a mature 
polypeptide (e.g., a polypeptide which lacks a leader sequence). A truncated polypeptide 
may also be defined as an amino acid sequence which is a portion of a longer sequence 
that has been selected for ease of expression in a heterologous system but retains regions 
which render the polypeptide useful for use in vaccines (e.g., antigenic regions which are 
expected to elicit a protective immune response). 

[0049] Additional definitions are provided throughout the specification. 
Explanation of Table J 

[0050] Table 1 lists the full-length S. aureus polynucleotide and polypeptide 
- sequences of the presenrinvention and their associated SEQ TD NOsr Each polynucleotide 
and polypeptide sequence is preceeded by a gene identifier. Each polynucleotide sequence 
is followed by at least one polypeptide sequence encoded by said polynucleotide. For 
some of the sequences of Table 1, a known biological activity and the name of the 
homolog with similar activity is listed after the gene sequence identifier. 



11 



Explanation of Table 2 

[0051] Table 2 lists accession numbers for the closest matching sequences between the 
polypeptides of the present invention and those available through GenBank and GeneSeq 
databases. These reference numbers are the database entry numbers commonly used by 
those of skill in the art, who will be familar with their denominations. The descriptions of 
the nomenclature for GenBank are available from the National Center for Biotechnology 
Information. Column 1 lists the polynucleotide sequence of the present invention. 
Column 2 lists the accession number of a "match" gene sequence in GenBank or GeneSeq 
databases. Column 3 lists the description of the "match" gene sequence. Columns 4 and 5 
are the high score and smallest sum probability, respectively, calculated by BLAST. 
Polypeptides of the present invention that do not share significant identity/similarity with 
any polypeptide sequences of GenBank and GeneSeq are not represented in Table 2. 
Polypeptides of the present invention that share significant identity/similarity with more 
than one of the polypeptides of GenBank and GeneSeq may be represented more than 
once. 

Explanation of Table 3. 

[0052] The S. aureus polypeptides of the present invention may include one or more 
conservative amino acid substitutions from natural mutations or human manipulation as 
indicated in Table 3. Changes are preferably of a minor nature, such as conservative 
amino acid substitutions that do not significantly affect the folding or activity of the 
protein. Residues from the following groups, as indicated in Table 3, may be substituted 
for one another: Aromatic, Hydrophobic, Polar, Basic, Acidic, and Small, 

Explanation of Table 4 

[0053] Table 4 lists residues comprising antigenic epitopes of antigenic epitope- 
bearing fragments present in each of the full-length S. aureus polypeptides described in 
Table-l-as-predicted-by-the -inventors-using the-algorithm-of Jameson and-Wolf, (4988) 
Comp. Appl. Biosci. 4:181-186. The Jameson- Wolf antigenic analysis was performed 
using the computer program PROTEAN (Version 3.11 for the Power Macintosh, 
DNASTAR, Inc., 1228 South Park Street Madison, WI). S. aureus polypeptides shown in 
Table 1 may possess one or more antigenic epitopes comprising residues described in 
Table 4. It will be appreciated that depending on the analytical criteria used to predict 
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antigenic determinants, the exact address of the determinant may vary slightly. The 
residues and locations shown described in Table 4 correspond to the amino acid sequences 
for each full-length polypeptide sequence shown in Table 1 and in the Sequence Listing. 
Polypeptides of the present invention that do not have antigenic epitopes recognized by the 
Jameson- Wolf algorithm are not represented in Table 2. 

Nucleic Acid Molecules 

[0054] Sequenced S. aureus genomic DNA was obtained from the S. aureus strain 
ISP3. S. aureus strain ISP3, has been deposited at the American Type Culture Collection, 
as a convenience to those of skill in the art. The S. aureus strain ISP3 was deposited on 7 
April 1998 at the ATCC, 10801 University Blvd. Manassas, VA 20110-2209, and given 
accession number 202108. As discussed elsewhere herein, polynucleotides of the present 
invention readily may be obtained by routine application of well-known and standard 
procedures for cloning and sequencing DNA. A wide variety of S. aureus strains can be 
used to prepare S. aureus genomic DNA for cloning and for obtaining polynucleotides and 
polypeptides of the present invention. A wide variety of S. aureus strains are available to 
the public from recognized depository institutions, such as the American Type Culture 
Collection (ATCC). It is recognized that minor variations is the nucleic acid and amino 
acid sequence may be expected from S. aureus strain to strain. The present invention 
provides for genes, including both polynucleotides and polypeptides, of the present 
invention from all the S. aureus strains. 

[0055] _ -Unless otherwise indicated,_all nucleotide sequences determined by, sequencing 
a DNA molecule herein were determined using an automated DNA sequencer (such as the 
Model 373 from Applied Biosystems, Inc., Foster City, CA), and all amino acid sequences 
of polypeptides encoded by DNA molecules determined herein were predicted by 
translation of a DNA sequence determined as above. Therefore, as is known in the art for 
any DNA sequence determined by this automated approach, any nucleotide sequence 
""determined - her ein may contain some errors^ Nucleotide - sequences^determined by^ 
automation are typically at least about 90% identical, more typically at least about 95% to 
at least about 99.9% identical to the actual nucleotide sequence of the sequenced DNA 
molecule. The actual sequence can be more precisely determined by other approaches 
including manual DNA sequencing methods well known in the art. By "nucleotide 
sequence" of a nucleic acid molecule or polynucleotide is intended to mean either a DNA 
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or RNA sequence. Using the information provided herein, such as the nucleotide 
sequence in Table 1 , a nucleic acid molecule of the present invention encoding a S. aureus 
polypeptide may be obtained using standard cloning and screening procedures, such as 
those for cloning DNAs using genomic DNA as starting material. See, e.g., Sambrook et 
al. MOLECULAR CLONING: A LABORATORY MANUAL (Cold Spring Harbor, N.Y. 
2nd ed. 1989); Ausubel et al., CURRENT PROTOCOLS IN MOLECULAR BIOLOGY 
(John Wiley and Sons, N.Y. 1989). Illustrative of the invention, the nucleic acid molecule 
described in Table 1 was discovered in a DNA library derived from a S. aureus ISP3 
genomic DNA. 

[0056] Nucleic acid molecules of the present invention may be in the form of RNA, 
such as mRNA, or in the form of DNA, including, for instance, DNA and genomic DNA 
obtained by cloning or produced synthetically. The DNA may be double-stranded or 
single-stranded. Single-stranded DNA or RNA may be the coding strand, also known as 
the sense strand, or it may be the non-coding strand, also referred to as the anti-sense 
strand. 
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TABLE 1. Nucleotide and Amino Acid Sequences of S. aureus Genes. 



>HGS010 murC (SEQ ID NO:l) 
ATGACACACTATCATTTTGTCGGAATTAAA 

AGTT CAAGGAT CGGATAT TG AG AAC TACGTAT T TACAG AAG T TG C T CTTAG AAATAAGGGGAT AAAAATATT AC CATTTG 
ATG CT AATAACATAAAAGAAGATATGGT AG T T ATACAAGGT AAT G CAT T CG CGAG TAG C CATG AAG AAAT AG TACG TG CA 
CAT CAATTG AAAT TAGATG T TG TAAGTT ATAATG ATT TTT T AGG ACAGAT TATTGAT CAATATAC T T CAG TAG C TG TAAC 
TGGTGCACATGGTAAAACTTCTACAACAGGTTTATTATCACATGTTATGAATGGTGATAAAAAGACTTCATTTTTAATTG 
GTGATGGCACAGGTATGGGATTGCCTGAAAGTGATTATTTCGCTTTTGAGGCATGTGAATATAGACGTCACTTTTTAAGT 
TATAAACCTGATTACGCAATTATGACAAATATTGATTTCGATCATCCTGATTATTTTAAAGATATTAATGATGTTTTTGA 
TGCATTCCAAGAAATGGCACATAATGTTAAAAAAGGTATTATTGCTTGGGGTGATGATGAAC^ 

CAGATGTTCCAATTTATTATTATGGATTTAAAGATTCGGATGACATTTATGCTCAAAATATTCAAATTACGGATAAAGGT 
ACTGCTTTTGATGTGTATGTGGATGGTGAGTTTTATGATCACTTCCTGTCTCCACAATATGGTGACCATACAGTTTTAAA 
TG CAT TAG C TGTAAT TG CG ATT AG T TAT TTAG AG AAG C TAGATG T TACAAATAT TAAAG AAG CATT AGAAACGT T TGGTG 
GTGTTAAACG T CG TTT CAATGAAACTACAATT G CAAAT CAAGT TATTGTAGATGATTATG CACAC CAT C CAAG AGAAAT T 
AGTGCTACAATTGAAACAGCACGAAAGAAATATCCACATAAAGAAGTTGTTGCAGTATT 

AACACAGGCATTTTTAAATGAATTTGCAGAAAGTTTAAGTAAAGCAGATCGTGTATTCTTATGTGAAATTTTTGGATCAA 
TTAGAGAAAATACTGGCGCATTAACGATACAAGATTTAATTGATAAAATTGAAGGTGCATCGTTAATTAATGAAGATTCT 
ATTAATGTATTAGAAC^^TTTGATAATGCTGTTATTTTATTTATGGGTGCAGGTGATATTCAAAAATTACAAAATGCATA 
TTTAGATAAATTAGGCATGAAAAATGCGTTTTAAGCTT 

>HGS010 MurC {SEQ ID NO : 2 ) 

MTHYHFVGIKGSGMSSLAQIMHDLGHEVQGSDIENYVFTEVALRNKGIKILPFDANNIKEDMV 
VIQGNAFASSHEEIVRAHQLKLDVVSYNDFLGQI IDQYTSVAVTGAHGKTSTTGLLSHVMNGDKKTSFLIGDGTG 
MGLPESDYFAFEACEYRRHFLSYKPDYAIMTNIDFDHPDYFKDINDVFDAFQEMAHNVKKGI IAWGDDEHLRKIE 
ADVPIYYYGFKDSDDIYAQNIQITDKGTAFDVYVDGEFYDHFLSPQYGDHTVIiNALAVIAISYLEKLDVTNIKEA 
LETFGGVKRRFNETT I ANQVT VDDYAHHPRE I SATI ETARKKYPHKE WAVFQPHTFSRTQAFLNE FAESLSKAD 
RVFLCEIFGSIRENTGALTIQDLIDKIEGASLINEDSINVLEQFDNAVILFMGAGDIQKLQNAYLDKLGMKNAF 

>HGS027 Rfl (peptide chain release factorl) (SEQ ID NO : 3 ) 

atg cat tttg at caattag atattg tag aagaaagat acgaacagt taaatgaac tgt t aagtgac c cagatgttg taaa 
tgattcagataaattacgtaaatattctaaagagcaagctgatttacaaaaaactgtagatgtttatcgtaactataaag 
c taaaaaagaagaat tag c tgatat tgaagaaatg tt aagtgag actgatgataaagaagaag tag aaatg t taaaagag 
gag ag taatggtatt aaag c tg aac t t c caaat c t tg aagaagag ct taaaat attat tgat t c ctaaag at c ctaatga 
tgacaaagacgttat tg tag aaat aagag cag cag c agg tggtg atgagg c tg c gat t t ttg c tgg tgatttaatg cgta 
tgtatt caaag tatg ctgaat cacaagg at t c aaaac tg aaat agtag aag cgt c tg aaag tg ac c atgg tgg ttacaaa 
gaaattagtttctcagtttctggtaatggcgcgtatagtaaattgaaatttgaaaatggtgcgcaccgcgttcaacgtgt 
g c ctgaaac agaat cagg tggacgtat t cat a c tt caacag c tacagtgg cagt t t tac cagaag t tg aagatg tagaaa 
ttgaaattagaaatgaagatttaaaaatcgacacgtatcgttcaagtggtgcaggtggtcagcacgtaaacacaactgac 
tctgcagtacgtattacccatttaccaactggtgtcattgcaacatcttctgagaagtctcaaattcaaaaccgtgaaaa 
agcaatgaaagtgttaaaagcacgtttatacgatatgaaagttcaagaagaacaacaaaagtatgcgtcacaacgt 
c^gcagtcggtactggtgatcgttcagaacgtattcgaacttataattatccacaaagccgtgtaacagaccatcg™ 
gg t c taacg c tt c aaaaat taggg caaattatggaagg c catttagi^gaaattat agatg cac tg ac t t tat cagag ca 
gacagataaattgaaagaacttaataatggtgaa 

>HGS027 Rfl (peptide chain release factorl) (SEQ ID NO : 4 ) 

MHFDQLDIVEERYEQLNELLSDPDVVNDSDKLRKYSKEQADLQKTVDVYRNYKAKKEELADIEEMLSETDDKEEV 
EMLKEESNGI KAELPNLEEELKILLI PKDPNDDKDVI VE IRAAAGGDEAAI FAGDLMRMYSKYAESQGFKTE I VE 
ASESDHGGYKEISFSVSGNGAYSKLKFENGAHRVQRVPETESGGRIHTSTATVAVLPEVEDVEIEIRNEDLKIDT 
YRSSGAGGQHVNTTDSAVRITHLPTGVIATSSEKSQIQNREKAMKVLKARLYDMKVQEEQQKYASQRKSAVGTGD 
RSERIRTYNYPQSRVTDHRIGLTLQKLGQIMEGHLEEI IDALTLSEQTDKLKELNNGE 

>HGS029 Rrf (ribosome recycling factor) (SEQ ID NO : 5) 

ATIjGGIjAGTGACATT^T CAAAAATCAAT CGAAAGCTTATCACGTGAATTAGCTAACAT 

CAG TG C AGGAAGAG C TAAT T CAAAT T T AT T AAACGG CG T AA CAG T TGAT T AC TATGG TG CAC CAAC AC C TGT ACAACAAT 
TAG CAAG CAT CAATGTT C CAGAAG CACG T T TACT TG T TAT T T C T C CATACG ACAAAAC T T C TG TAG CTGACAT CGAAAAA 
GCGATAATAGCAGCTAACTTAGGTGTTAACCCAACAAGTGATGGTGAAGTGATACGTATTGCTGTACCTGCCTTAACAGA 
AGAACG T AG AAAAGAG CG CGTTAAAGATG T TAAGAAAAT TG G TG AAGAAG C TAAAG TAT C TGT T CG AAATAT T CGT CGTG 
AT ATG AATG AT CAGT TGAAAAAAG ATGAAAAAAATGG CGACATTAC TG AAGATG AG T TGAGAAG TGG CACTGAAG ATG T T 
CAGAAAGCAACAGACAATTCAATAAAAGAAATTGATCAAATGATTGCTGATAAAGAAAAAGATATTATGTCAGTA 

>HGS029 Rrf (ribosome recycling factor) (SEQ ID NO : 6 ) 

MGSDIINETKSRMQKSIESLSRELANISAGRANSNLLNGVTVDYYGAPTPVQQLASINVPEARLLVISPYDKTSV 
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ADIEKAIIAANLGVNPTSDGEVIRIAVPALTEERRKERVKDVKKIGEEAKVSVRNIRRDMNDQLKKDEKNGDITE 
DELRSGTEDVQKATDNS IKE I DQM I ADKEKD I MS V 

>HGS03 8 nusA (SEQ ID NO: 7) 

ATGGGG T CAAGTAATGAAT TAT T ATTAG C TAG TGAG TATT T AG AAAAAGAAAAG AAG AT T C CTAGAG CAG TATTAATTG A 
TG C TAT TGAAG CAG C TT TAATTACTG CATA CAAAAAG AAC T ATGATAG TG CAAGAAATG T C CG TGTGGAATT AAAT ATGG 
ATCAAGGTACTTTCAAAGTTATCGCTCGTAAAGATGTTGTTGAAGAAGTATTTGACGACAGAGATGAAGTGGATTTAAGT 
ACAGCGCTTGTTAAAAACCCTGCATATGAAATTGGTGATATATACGAAGAAGATGTAACACCTAAAGATTTTGGTCGTGT 
AGGTGCTCAAGCAGCGAAACAAGCAGTAATGCAACGTCTTCGTGATGCTGAACGTGAAATTTTATTTGAAGAATTTATAG 
ACAAAG AAGAAGACAT AC T TAC TGGAAT TAT TGAC CG TGTTGAC CAT CGT TATG TATATGTG AAT T TAGG T C G TAT CGAA 
G C TG T T T TAT C TGAAG CAG AAAG AAGT C C TAACGAAAAAT ATAT T C CTAACGAACG T AT CAAAG TATATG TT AACAAAGT 
GGAACAAACG ACAAAAGGT C CT CAAATCT ATG TTTCTCGT AG C CATC CAGG TTT ATT AAAACGTTT^^ 
TTCCAGAAATTTACGATGGTACTGTAATTGTTAAATCAGTAGCACGTGAAGCTGGCGATCGCTCTAAAATTAGTGTCTTC 
TCTGAAAACAATGATATAGATGCTGTTGGTGCATGTGTTGGTGCTAAAGGCGCACGTGTTGAAGCTGTTGTTGAAGAGCT 
AGG TGG TGAAAAAAT CGACAT CG TT CAATGGAATGAAGAT C CAAAAG TAT TTG TAAAAAATG C TT T AAG C C C TT CT CAAG 
TTTTAGAAGTTATTGTTGATGAAACA?^TCAATCTACAGTAGTTGTTGTTCCTGATTATCAATTGTCATTAGCGATTGGT 
AAAAGAGGACAAAACGCACGTCTAGCTGCTAAATTAACCGGCTGGAAAATTGATATTAAATCAGAAACAGATGCGCGTGA 
AG CGGG TAT C TATC C AGTAG T TGAAG CTGAAAAAGTAACTG AAG AAGATG TTG C T TTAG AAGATG C TGACACAACAG AAT 
CAAC CG AAGAGGTAAATGATGTTT CAGT TGAAACAAATGTAGAG AAAG AAT C TG AA 

>HGS038 NusA (SEQ ID NO: 8) 

MGSSNELLLiATEYLEKEKKIPRAVLIDAIEAALITAYKKNYDSARNVRVELNMDQGTFKVIARKDWEEVFDDRD 
EVDLSTALVKNPAYEIGDI YEEDVTPKDFGRVGAQAAKQAVMQRLRDAEREILFEEFIDKEEDILTGIIDRVDHR 
YVYVNLGRIEAVLSEAERSPNEKYIPNERIKVYVNKVEQTTKGPQIYVSRSHPGLLKRLFEQEVPEIYDGTVIVK 
SVAREAGDRSKISVFSENNDIDAVGACVGAKGARVEAWEELGGEKIDIVQWNEDPKVFVKNALSPSQVLEVIVD 
ETNQSTVVWPDYQLSIAIGKRGQNARLAAKLTGWKIDIKSETDAREAGIYPVVEAEKVTEEDVALEDADTTEST 
EEVNDVSVETNVEKESE 

>HGS039 nusG (SEQ ID NO: 9) 

ATGGGATCTGAAGAAGTTGGCGCT^AAGCGTTGGTATGCAGTGCATACATATTCTGGATATGAAAATAAAGTTAAAAAGAA 
TTTAGAAAAAAG AGTAG AAT C T ATG AAT ATG AC TGAACAAATCT T TAGAG TAG T C ATAC CGGAAGAAG AAGAAACT CAAG 
TAAAAG ATGG C AAAG CTAAAACGACTGTTAAAAAAACATTCCCTGG AT ATGTTT TAG TGGAAT TAATCATGACAGATGAA 
TCATGGTATGTGGTAAGAAATACACCAGGCGTTACTGGTTTTGTAGGTTCTGCAGGTGCAGGGTCTAAGCCAAATCCATT 
GTTACCAGAAGAAGTTCGCTTCATCTTAAAACAAATGGGTCTTAAAGAAAAGACTATCGATGTTGAACTCGAAGTTGGCG 
AG CAAG TT CGTATTAAAT CAGG T C CATT TG CG AAT CAAG T TGG TGAAGTT CAAGAAAT TG AAACAG ATAAGT TTAAG C TA 
ACAGTATTAGTAGATATGTTTGGCCGAGAAACAC CAGTAGAAGTTGAATT CGATCAAATTGAAAAG CTG 

>HGS039 NusG (SEQ ID NO: 10) 

MGSEEVGAKRWYAVHTYSGYENKVKKNLEKRVESMNMTEQIFRWIPEEEETQVKDGKAKTTVKKTFPGYVLVEL 
IMTDESWYWRNTPGVTGFVGSAGAGSKPNPLLPEEVRFILKQMGLKEKTIDVELEVGEQVRIKSGPFANQVGEV 
QEIETDKFKLTVLVDMFGRETPVEVEFDQIEKL 

_ >HGS041^"adE"(NH3-Depeli^ Synthetase :}~ (SEQ ID NO: 11) 
ATGGGTAGTAAATTACAAGACGTTATTGTACAAGAAATGAAAGTGAAAAAGCGTATCGATAGTGCTGAAGAAATTATGGA 
ATTAAAG CAAT TTAT AAAAAAT TATG TA CAAT CACAT T CAT T TATAAAAT C TTT AG TGT TAGG TAT T T CAGG AGGACAGG 
ATTCTACATTAGTTGGAAAACTAGTACAAATGTCTGTTAACGAATTACGTGAAGAAGGCATTGATTGTACGTTTATTGCA 
G T TAAATTAC C TTATGG AG T T CAAAAAG ATG C TGATG AAG T TGAG CAAG C TTTG CGATT CATTGAAC CAGATGAAATAG T 
AACAGT CAAT ATTAAG C CTG CAGTTGAT CAAAG TG TG CAAT CAT TAAAAG AAG C CGG TAT TGT T C T TACAGAT TT C CAAA 
AAGGAAATGAAAAAG CG CG TGAACGTATGAAAG T ACAAT TT T CAATTG C T T CAAAC CG ACAAGG TAT TG TAG TAGGAACA 
GATCATTCAGCTGAAAATATAACTGGGTTTTATACGAAGTACGGTGATGGTGCTGCAGATATCGCACCTATATTTGGTTT 
GAATAAACGACAAGGTCGTCAATTATTAGCGTATCTTGGTGCGCCAAAGGAATTATATGAAAAAACGCCAACTGCTGATT 
TAGAAGATG AT AAAC CACAG CT T C CAGATGAAGATG C ATT AGGTGTAAC T TATG AGG CG ATTG ATAATT AT T TAGAAGGT 
AAGC CAG T T ACG C CAGAAGAAC AAAAAG T AAT TOAAAATCATT ATAT ACGAAATG CACACAAACG TGAAG-TTG GAT ATAC- 
AAGATACACGTGGCCAAAATCC 

>HGS041 NadE (NH3 -Dependent NAD Synthetase) (SEQ ID NO: 12) 

MGSKLQDVIVQEMKVKKRIDSAEEIMELKQFIKNYVQSHSFIKSLVLGISGGQDSTLVGKLVQMSVNELREEGID 
CTFIAVKLPYGVQKDADEVEQALRFIEPDEIVTVNIKPAVDQSVQSLKEAGIVLTDFQKGNEKARERMKVQFSIA 
SNRQGI WGTDHSAENITGFYTKYGDGAADIAPIFGLNKRQGRQLLAYLGAPKELYEKTPTADLEDDKPQLPDED 
ALGVTYEAIDNYLEGKPVTPEEQKVIENHYIRNAHKRELAYTRYTWPKS 

>HGS042 trxB (Thioredoxin Reductase) (SEQ ID NO: 13) 

ATGGGTACTGAAATAGATTTTGATATAGCAATTATCGGTGCAGGTCCAGCTGGTATGACTGCTGCAGTATACGCATCACG 
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TG CT AAT T T AAAAAC AGT T ATG AT TGAAAG AGGTATT C CAGG CGGTCAAATGG CTAATACAGAAGAAG TAGAGAAC TT CC 

CTGGTTTCGAAATGATTACAGGTCCAGATTTATCTACAAAAATGTTTGAACACGCTAAAAAGTTTGGTGCAGTTTATCAA 

TATGG AGATAT TAAAT C TG T AG AAGATAAAGG CGAAT ATAAAGTGATT AACTTTGG TAATAAAGAATT AACAG CGAAAG C 

GGTTATTATTGCTACAGGTGCAGAATACAAGAAAATTGGTGTTCCGGGTGAACAAGAACTTGGTGGACGCGGTGTAAGTT 

ATTGTGCAGTATGTGATGGTGCATTCTTTAAAAATAAACGCCTATTCGTTATCGGTGGTGGTGATTCAGCAGTAGAAGAG 

GGAACATTCTTAAC TAAAT TTGCTGACAAAGTAACAATCGTTCACCGTCGTGATGAGTTACGTGC^CAG 

AGATAG AG CATT CAAAAATGATAAAAT CGAC T TTATT TGGAG T C AT ACTT TGAAAT CAAT T AATG AAAAAGACGG C AAAG 

TGGGTTCTGTGACATTAACGTCTACAAAAGATGGTTCAGAAGAAACACACGAGGCTGATGGTGTATTCATCTATATTGGT 

ATG AAA CCAT TAACAG CG C CATTTAAAG AC TT AGGTATTAC AAATGATG T TGGT TAT AT TGTAACAAAAGATGATATG AC 

AACATCAGTACCAGGTATTTTTGCAGCAGGAGATGTTCGCGACAAAGGTTTACGCCAAATTGTCACT 

G TAG TAT TG C AG CG CAAAG TG C AG CGGAATAT ATTGAACAT TTAAACGAT CAAG CT 

>HGS042 TrxB (Thioredoxin Reductase) (SEQ ID NO: 14) 

MGTE IDFD I AI IGAG PAGMTAAVYASRANLKTVM I ERG I PGGQMANTEE VENFPGFEMI TGPDLSTKMFEHAKKF 
GAVYQYGDIKSVEDKGEYKVINFGNKELTAKAVI IATGAEYKKIGVPGEQELGGRGVSYCAVCDGAFFKNKRLFV 
IGGGDSAVEEGTFLTKFADKVTIVHRRDELRAQRILQDRAFKNDKIDFIWSHTLKSINEKDGKVGSVTLTSTKDG 
SEETHEADGVFIYIGMKPLTAPFKDLGITNDVGYIVTKDDMTTSVPGIFAAGDVRDKGLRQIVTATGDGSIAAQS 
AAE Y I EHLNDQA 

>HGS043 femD/glmM (Phosphoglucosamine Mutase) (SEQ ID NO: 15) 

ATGGGGGG AAAATAT TTTGG TACAGACGGAG T AAGAGG TG T CG CAAAC CAAGAAC TAAC AC CTGAATTGG CAT T TAAAT T 
AGGAAGATACGGTGGCTATGTTCTAGCACATAATAAAGGTGAAAAACACCCACGTGTACTTGTAGGTCGCGATACTAGAG 
TTTCAGGTGAAATGTTAGAATCAGCATTAATAGCTGGTTTGATTTCAATTGGTGCAGAAGTGATGCGATTAGGTATTATT 
TCAACACCAGGTGTTGCATATTTAACACGCGATATGGGTGCAGAGTTAGGTGTAATGATTTCAGCCTCTCATAATCCAGT 
TG CAG ATAATGG TAT T AAATT C T TTGGAT CAGATGG T T TTAAAC TAT CAG ATGAACAAGAAAATG AAATTGAAG CATT AT 
TGGATCAAGAAAACCCAGAATTACC^GACCTVGTTGGCAATGATATTGTACATTATTCAGATTACTTTGAAGGGGCACAA 
AAATATTTGAGCTATTTAAAATCAACAGTAGATGTTAACTTTGAAGGTTTGAAAATTGCTTTAGATGGTGCAAATGGTTC 
AACATCATCACTAGCGCCATTCTTATTTGGTGACTTAGAAGCAGATACTGAAACAATTGGATGTAGTCCTGATGGATATA 
ATATCAATGAGAAATGTGGCTCTACACATCCTGAAAAATTAGCTGAAAAAGTAGTTGAAACTGAAAGTGATTTTGGGTTA 
GCATTTGACGGCGATGGAGACAGAATCATAGCAGTAGATGAGAATGGTCAAATCGTTGACGGTGACCAAATTATGTTTAT 
TATTGGTCAAGAAATGCATAAAAATCAAGAATTGAATAATGACATGATTGTTTCTACTGTTATGAGTAATTTAGGTTTTT 
ACAAAG CG CT TG AACAAGAAGG AATT AAAT CT AAT AAAACTAAAGT TGG CGACAGATATG TAG TAGAAGAAATG CG T CG C 
GGTAATTATAACTTAGGTGGAGAACAATCTGGACATATCGTTATGATGGATTACAATACAACTGGTGATGGTTTATTAAC 
TGGTATTCAATTAGCTTCTGTAATAAAAATGACTGGTAAATCACTAAGTGAATTAGCTGGACAAATGAAAAAATATCCAC 
AATCATTAATTAACGTACGCGTAACAGATAAATATCGTGTTGAAGAAAATGTTGACGTTAAAGAAGTTATGACTAAAGTA 
GAAGTAGAAATGAATGGAGAAGGTCGAATTTTAGTAAGACCTTCTGGAACAGAACCATTAGTTCGTGTCATGGTTGAAGC 
AG CAAC TG AT GAAGATG C TGAAAGATT TG CACAACAAAT AG C TGATG TGG TT CAAGATAAAATGGGAT TAGAT AAA 

>HGS04 3 FemD/GlmM {Phosphoglucosamine Mutase) (SEQ ID NO: 16) 

MGGKYFGTDGVRGVANQELTPELAFKLGRYGGYVLAHNKGEKHPRVLVGRDTRVSGEMLESALIAGLISIGAEVM 
RLG 1 1 S TPGVAYLTRDMGAELGVM I SASHNP VADNG I KFFGSDGFKLSDEQENE I EALLDQENPELPRPVGND I V 
H Y S D Y F E GAQ K YL S YL KS T VD VN F E G L K I ALDG ANG ST S SLAP F L FGD L E A^T E T I G C ^P_DGYN I N E KCG S T H P„ E . _ _ 
"Kl^KVVETESDFGIAFDGDGra 

GIKSNKTKVGDRYWEEMRRGNYNLGGEQSGHIVMMDYNTTGDGLLTGIQ^SVIKMTGKSLSELAGQMKKYPQS 
L I NVR VT D K Y R VE EN VD VKE VM T KVE VE MNGE GR I L VR P S G T E P L VR VM VEAAT D E DAE R FAQ Q I ADWQD KMG L 
DK 

>HGS044 glmU (Glucosamine N-acetyly/uridylate transferase) (SEQ ID NO: 17) 
ATGGGT TT CATG CG AAG ACACG CG ATAAT T T TGG CAG C AGG T AAAGG CAC AAGAATG AAAT CTAAAAAG TAT AAAG TG CT 
ACACGAGGTTGCTGGGAAACCTATGGTCGAACATGTATTGGAAAGTGTGAAAGGCTCTGGTGTCGATCAAGTTGTAACCA 
TCGTAGGACATGGTGCTGAAAGTGTAAAAGGACATTTAGGCGAGCGTTCTTTATACAGTTTTCAAGAGGAACAACTCGGT 
ACTGCGCATGCAGTGCAAATGGCGAAATCACACTTAGAAGACAAGGAAGGTACGACAATCGTTGTATGTGGTGACACACC 
^ CT CAT CACAAAGGAAAC^TTAG.TAACAT.TGATTG CG CAT. C TAATG CT C AAGGAAGTGTATTATCTG CAT ~ 

CGATTCAACAACCATATGGATACGGAAGAATCGTTCGAAATGCGTCAGGTCGTTTAGAACGCATAGTTGAAGAGAAAGAT 
GCAACGCAAGCTGAAAAGGATATTAATGAAATTAGTTCAGGTATTTTTGCGTTTAATAATAAAACGTTGTTTGAAAAATT 
AACACAAGTGAAAAATGATAATGCGCAAGGTGAATATTACCTCCCTGATGTATTGTCGTTAATTTTAAATGATGGCGGCA 
TCGTAGAAGTCTATCGTACCAATGATGTTGAAGAAATCATGGGTGTAAATGATCGTGTAATGCTTAGTCAGGCTGAGAAG 
GCGATGCAACGTCGTACGAATCATTATCACATGCTAAATGGTGTGACAATCATCGATCCTGACAGCACTTATATTGGTCC 
AGACGTTACAATTGGTAGTGATACAGTCATTGAACCAGGCGTACGAATTAATGGTCGTACAGAAATTGGCGAAGATGTTG 
TTATTGGTCAGTACTCTGAAATTAACAATAGTACGATTGAAAATGGTGCATGTATTCAACAGTCTGTTGTTAATGATGCT 
AGCGTAGGAGCGAATACTAAGGTCGGACCGTTTGCGCAATTGAGACCAGGCGCGCAATTAGGTGCAGATGTTAAGGTTGG 
AAAT T T TG TAGAAAT TAAAAAAG CAGAT CTTAAAG ATGGTG C CAAGG T T T CAC ATT TAAGT T ATAT TGGCGATG CTGTAA 
T TGG CGAACGTACTAATAT TGG TTGCGGAACG ATT ACAGTTAACT ATG ATGGTGAAAAT AAAT TTAAAAC TAT CGTCGGC 
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AAAGATTCATTTGTAGGTTGCAATGTTAATTTAGTAGCACCTGTAACAATTGGTGATGATGTATTGGTGGCAGCTGGTTC 
CACAAT CACAG ATGACG TAC CAAATGACAGTT TAG CTGTGG CAAGAG CAAGACAAACAA CAAAAGAAGG ATATAGG AAA 

>HGS044 GlmU (Glucosamine N-acetyly/uridylate transferase) (SEQ ID NO: 18) 
MGFMRRHAIILAAGKGTRMKSKKYKVLHEVAGKPMVEHVLESVKGSGVDQVVTIVGHGAESVKGHLGERSLYSFQ 
EEQLGTAHAVQMAKSHLEDKEGTTIWCGDTPLITKETLVTLIAHHEDANAQATVLSASIQQPYGYGRIVRNASG 
RLERIVEEKDATQAEKDINEISSGIFAFNNKTLFEKLTQVKNDNAQGEYYLPDVLSLILNDGGIVEVYRTNDVEE 
IMGVNDRVMLSQAEKAMQRRTNHYHMLNGVTI IDPDSTYIGPDVTIGSDTVIEPGVRINGRTEIGEDVVIGQYSE 
INNSTIENGACIQQSVVNDASVGANTKVGPFAQLRPGAQLGADVKVGNFVEIKKADLKDGAKVSHLSYIGDAVIG 
ERTN IGCGT I TVNYDGENKFKT I VGKDS FVGCNVNLVAPVT IGDDVLVAAGST I TDDVPNDS LAVARARQTTKEG 
YRK 

>HGS045 co ADR (CoenzymeA Disulfide Reductase) (SEQ ID NO: 19) 

ATGGGGCCCAAAATAGTCGTAGTCGGAGCAGTCGCTGGCGGTGCAAGATGTGCCAGCCAAATTCGACGTTTAGATAAAGA 
AAGTGACATTATTATTTTTGAAAAAGAT CGTGATATGAG CTTTG CT AATTGTG CATTGC CTTATGTCATTGGCGAAGTTG 
TTGAAG ATAG AAGATATG C TT TAG CGT ATACAC C TGAAAAAT T T TATG ATAGAAAG CAAAT TACAG T AAAAACTTAT CAT 
GAAGTTATTGCAATCAATGATGAAAGACAAACTGTATCTGTATTAAATAGAAAGACAAACGAACAATTTGAAGAATCTTA 
CGATAAACTCATTTTAAGCCCTGGTGCAAGTGCAAATAGCCTTGGCTTTGAAAGTGATATTACATTTACACTTAGAAATT 
TAGAAGACACTGATGCTAT CGATCAATT CATCAAAG CAAAT CAAGTTGATAAAGTATTGGTTGTAGGTG CAGGTTATGTT 
T CAT T AGAAG TT C TTGAAAAT C TTTATG AACG TGGT T T ACAC C C TACTT T AAT T CAT CGAT CTGAT AAG AT AAATAAATT 
AATGGATG C CGACATGAATCAAC CTATACTTGATGAATTAGATAAGCGGGAGATTCCATACGG TTTAAATGAGGAAATTA 
ATG CT AT CAATGGAAATGAAAT TACATT TAAAT CAGG AAAAGTTG AACAT T ACGATATG AT TAT TGAAGG TG T CGG TAC T 
CACCCCAATTCAAAATTTATCGAAAGTTCT^^TATCAAACTTGA 
AACAAATGTTCCAAAGATTTATGCAATAGGCGATATTGCAACATGACATTATC^ 

CTTTAGCTTGGGGCGCTCACCGTGCAGCAAGTATTGTTGCCGAACAAATTGCTGGAAATGACACTATTGAATTCAAAGGC 
TTCTTAGGCAACAATATTGTGAAGTTCTTTGATTATACATTTGCGAGTGTCGGCGTTAAACCAAACGAACTAAAGCAATT 
TGAC TAT AAAATGGT AG AAGT CACT CAAGG TG CACACG CGAATTAT TAC C CAGG AAAT T C C C C T T T ACAC TTAAGAGTAT 
ATTATG ACAC TT CAAAC CG T CAGAT TTTAAG AG CAG C TG CAG TAGGAAAAG AAGGTG CAG ATAAACGTATTGATGT ACT A 
T CGATG G CAATGATGAAC C AG C TAACTG TAG ATG AGT TAAC TGAGTTTGAAG TGG CT TATG CAC CAC CATATAG CC AC C C 
TAAAGATTTAATCAATATGATTGGTTACAAAGCTAAA 

>HGS04 5 CoADR (CoenzymeA Disulfide Reductase) (SEQ ID NO: 20) 

MGPKIVWGAVAGGATCASQIRRLDKESDIIIFEKDRDMSFANCALPYVIGEVVEDRRYALAYTPEKFYDRKQIT 
VKTYHEVIAINDERQTVSVLNRKTNEQFEESYDKLILSPGASANSLGFESDITFTLRNLEDTDAIDQFIKANQVD 
KVLWGAGYVSLEVLENLYERGLHPTLIHRSDKINKLMDADMNQPILDELDKREIPYRLNEEINAINGNEITFKS 
GKVEHYDMI IEGVGTHPNS KFIESSNIKLDRKGFIPVNDKFETNVPNIYAIGDIATSHYRHVDLPASVPLAWGAH 
RAASIVAEQIAGNDTIEFKGFLGNNIVKFFDYTFASVGVKPNELKQFDYKMVEVTQGAHANYYPGNSPLHLRVYY 
. DTSNRQILRAAAVGKEGADKRIDVLSMAMMNQLTVDELTEFEVAYAPPYSHPKDLINMIGYKAK 

>HGS04 6 SVR (SEQ ID NO: 21) 

ATGAAAGACGAACAATTATATTATTTTGAGAAATCGCCAGTATTTAAAGCGATGATGCATTTCTCATTGCCAATGATGAT 
AGGG AC TTT ATTAAG CG T TAT T TATGG CAT AT T AAAT ATTT ACT^T^TAGG ATT T^ TC TG_ . 

~ CTAT CT CT C T AACAC TG C CAG TAT TTG C TAT C TTAATGGGG TTAGGTAATT TAT TTGG CG TTGG TG CAGG AACTTATAT T 
T CACGT TTAT T AGG TG CGAAAG AC TATAGTAAGAG TAAAT T TGT AAG TAG T T T C T C TAT T TATGGTGGTAT TG CAC TAGG 
ACT TAT CGTGATTTTAGTTACTTTACCATTCAGTGAT CAAAT CG CAG CAATTTTAGGGGCGAGAGGTGAAACGTTAGCTT 
TAACAAGTAATTATTTGAAAGTAATGTTTTTAAGTGCACCTTTTGTAATTTTGTTCTTCATATTAGAACAATTTG CACGT 
G CAATTGGGG CAC CAATGG TTT CTATGAT TGG TATG T TAG C TAG TG TAGG C T TAAAT AT TAT T TTAGAT C CAAT T T TAAT 
TTTTGGTTTTGATTTAAACGTTGTTGGTGCAGCTTTGGGTACTGCAATCAGTAATGTTGCTGCTGCTCTGTTCTTTATCA 
TTTATTTTATGAAAAATAGTGACGTTGTGTCAGTTAATATTAAACTTGCGAAACCTAATAAAGAAATGCTTTCTGAAATC 
TTTAAAAT CGGTAT T C C TG CAT T T TTAATGAG TAT CT TAATGGG AT T CACAGG ATTAG T T TTAAAT T TAT TTT TAG CACA 
TTATGGAAACTTCGCGATTGCAAGTTATGGTATCTCATTTAGACTTGTGCAATTTCCAGAACTTATTATCATGGGATTAT 
GTGAAGGTGTTGTAC CAC TAAT TGCATATAACTTTATGGCAAATAAAGGCCGTATGAAAGACGT TAT CAAAG CAG T TAT C 

_ATGTCTAT CGGCG|^ A^^TTTG TTG TATG TATGAGTG.CTGTATTTACAAT.TGGA CAT CA TATGG T GGGAG-TA-T-TTAC TAC 
TGATCAAGCCATTGTTGAGATGGCGACATTTATTTTGAAAG TAA CAATGG CATCATTATTATTAAATGGTATAGGTTTCT 
TGTTTACTGGTATGCTTCAAGCGACTGGGCAAGGTCGTGGTGCTACAATTATGGCCATTTTACAAGGTGCAATTATCATT 
CCAGTATTATTTATTATGAATGCTTTGTTTGGACTAACAGGTGTCATTTGGTCATTATTAATTGCTGAGTCACTTTGTGC 
TTTAGCAGCAATGTTAATCGTCTATTTATTACGTGATCGTTTGACAGTTGATACATCTGAATTAATAGAAGGT 

>HGS04 6 SVR (SEQ ID NO: 22) 

MKDEQLYYFEKS PVFKAMMHFSLPMMIGTLLSVIYGILNIYFIGFLEDSHMISAISLTLPVFAILMGLGNLFGVG 
AGTYISRLLGAKDYSKSKFVSSFSIYGGIALGLIVILVTLPFSDQIAAILGARGETLALTSNYLKVMFLSAPFVI 
LFFILEQFARAIGAPMVSMIGMLASVGLNIILDPILI FGFDLNWGAALGTAISNVAAALFFI IYFMKNSDWSV 
NIKLAKPNKEMLSEIFKIGIPAFLMSILMGFTGLVLNLFLAHYGNFAIASYGISFRLVQFPELIIMGLCEGVVPL 
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IAYNFMANKGRMKDVIKAVIMSIGVIFWCMSAVFTIGHHMVGLFTTDQAIVEMATFILKVTIVIASLLLNGIGFLF 
TGMLQATGQGRGATIMAILQGAIIIPVLFIMNALFGLTGVIWSLLIAESLGAIjAAMLIVYLLRDRLTVDTSELIE 
G 

>HGS04 9 murE (SEQ ID NO: 23) 

TTGGATGCAAGTACGTTGTTTAAGAAAGTAAAAGTAAAGCGTGTATTGGGTTCTTTAGAACAACAAATAGATGATATCAC 
TACTGATTCACGTACAGCGAGAGAAGGTAGCATTTTTGTCGCTTCAGTTGGATATACTGTAGACAGTCATAAGTTCTGTC 
AAAATGTAGCTGATCAAGGGTGTAAGTTGGTAGTGGTCAATAAAGAACT^ 

GTG C CGG ACACAT TAAG AG TAG C TAG TATT CT AG CACACACATTATATGAT TAT C CG AG T CAT CAG TTAG TGACAT TTGG 
TGTAACGGGTACAAATGGTAAAACTTCTATTGCGACGATGATTCATTTAATTCAAAGAAAGTTACAAAAAAATAGTGCAT 
ATTTAGGAACTAATGGTTTCCAAATTAATGAAACAAAGACAAAAGGTGCAAATACGACA 

AAG AAAATTAAAGAAG CAG TTG ATG CAGG CG C TGAAT CTATGAC AT T AGAAGTAT CAAG C GATGG C TTAG TATT AGGACG 
ACTGCGAGGCGTTGAATTTGACGTTGCAATATTTTCAAATTTAACACAAGACCATTTAGATTTTCATGGCACAATGGAAG 
CATACGGACACGCGAAGTCTTTATTGTTTAGTCAATTAGGTGAAGATTTGTCGAAAGAAAAGTATGTCGTGTTAAACAAT 
G ACG AT T CAT T T T CTGAG T ATT TAAGAACAG TGACG C CTTATGAAGTAT T TAGT TATGG AATTGATG AGGAAG C C CAAT T 
TATGGCTAAAAATATTCAAGAATCTTTACAAGGTGTCAGCTTTGATTTTGTAACGCCTTTTGGAACTTACCCAGTAAAAT 
CGCCTTATGTTGGTAAGTTTAATATTTCTAATATTATGGCGGCAATGATTGCGGTGTGGAGTAAAGGTACATCTTTAGAA 
ACGATTAT TAAAG CTG TTG AAAATT T AG AAC C TG T TG AAGG G CG AT TAG AAG T T T TAGAT C C T T CG T TAC CTATTGAT T T 
AATT AT CG AT TATG C ACATACAG CTG ATGGTATGAACAAAT TAAT CG ATG CAG T ACAG C C TT T TG T AAAG CAAAAG T TGA 
TATTTTTAGTTGGTATGGCAGGCGAACGTGATTTAACTAAAACGCCTGAAATGGGGCGAGTTGCCTGTCGTGCAGATTAT 
GTCATT-T T CA CAC CGGATAAT C CGG CAAATG ATGAC G GGAAAATG T T AAGGG CAGAATT AG C CAAAGG TG CAACAC AT C A 
AAACTATATTGAATTTGATGATCGTGCAGAAGGGATAAAACATGCAATTGACATAGCTGAGCCTGGGGATACTGTCGTTT 
TAGCAT CAAAAGGAAGAGAACCATATCAAATCATG CCAGGGCATATTAAGGTGC CACAT CGAGATGATTTAATTGG C CTT 
GAAGCAGCTTACAAAAAGTTCGGTGGTGGCCCTGTTGAT 

>HGS04 9 MurE (SEQ ID NO: 24) 

LDASTLFKKVKVKRVLGSLEQQIDDITTDSRTAREGSIFVASVGYTVDSHKFCQNVADQGCKLVVVNKEQSLPANVTQVV 
VPDTLRVAS I LAHTLYDYPSHQLVTFGVTGTNGKTS I ATM IHL IQRKLQKNSA YLGTNGFQ INETKTKGANTTPETVSLT 
KKIKEAVDAGAESMTLEVSSHGLVLGRLRGVEFDVAIFSNLTQDHLDFHGTMEAYGHAKSLLFSQLGEDLSKEKYWLNN 
DDSFSEYLRTVTPYEVFSYGIDEEAQFMAKNIQESLQGVSFDFVTPFGTYPVKS PYVGKFNISNIMAAMIAVWSKGTSLE 
TI IKAVENLEPVEGRLEVLDPSLP IDLI IDYAHTADGMNKLIDAVQPFVKQKLI FLVGMAGERDLTKTPEMGRVACRADY 
VI FTPDNPANDDPKMLTAE LAKGATHQNY I E FDDRAEG I KHA I D I AE PGDTWLAS KGRE P YQ I MPGH I KVPHRDDL I GL 
EAAYKKFGGGPVD 

>HGS050 MurF (SEQ ID NO: 25) 

atgat t aatg t tac attaaag c aaat t caat c atggatt c c t tg tgaaat tg aagat caat t t t t aaat caag ag at aaa 

tggag t cacaat tgattcacgagcaatttctaaaaatatgt tat ttatac cat ttaaaggtgaaaatgt tga cgg t catc 

gctttgtctctaaagcattacaagatggtgctggggctgctttttatcaaagagggacacctatagatgaaaatgtaagc 

gggcctattatatgggttgaagacacattaacggcattacaacaattggcacaagcttacttgagacatgtaaaccctaa 

agtaattgccgtcacagggtctaatggtaaaacaacg act aaag at atgat tgaaagtgtattgcataccgaattt aaag 

ttaagaaaacgcaaggtaattacaataatgaaattggtttacctttaactattttggaattagataatgatactgaaata 

tcaatattggagatggggatgtgaggtt;r^^ 

a^tt^taYtggtgagtc^ 

gtctaaaagataatggtacgtttatatatgatggcgatgaaccattattgaaaccacatgttaaagaagttgaaaatgca 
aaatgtattagtattggtgttgctactgataatgcattagtttgttctgttgatgatagagatactacaggtatttcatt 
tacgat taat aataaagaacat tacgat c tg c caat at taggaaag cataatatgaaaaatg cgacgattg c cat tg cgg 
ttggtcatgaattaggtttgacatataacacaatctatcaaaatttaaaaaatgtcagcttaactggtatgcgtatggaa 
caacat acat t ag aaaatgatat tac tg tg ataaatg atg c ctat aatg caag t c c tac aag tatg ag ag cag c tat tga 
tacactgagtactttgacagggcgtcgcattctaattttaggagatgttttagaattaggtgaaaatagcaaagaaatgc 
atatcggtgtaggtaattatttagaagaaaagcatatagatgtgttgtatacgtttggtaatgaagcgaagtatatttat 
gatt cggg c cag caac atg t cg aaaaag cacaacac t t caat t c taaag acg atatg at ag aag t t t taataaacg at tt 
aaaag cg catgac cg tg tat tag t taaaggat cacg tgg tatgaaat tag aag aag tggtaaatg ctt taat t t c a 



>HGS050 MurF (SEQ ID NO: 26) 

MINVTLKQIQSWIPCEIEDQFLNQEINGVTIDSRAISKNMLFIPFKGENVDGHRFVSKALQDGAGAAFYQRGTPIDENVS 
GP I I WVEDTLTALQQLAQAYLRHVNPKVI AVTGSNGKTTTKDM I ES VLHTEFKVKKTQGNYNNE IGLPLTI LELDNDTE I 
SILEMGMSGFHEIEFLSNLAQPDIAVITNIGESHMQDLGSREGIAKAKSEITIGLKDNGTFIYDGDEPLLKPHVKEVENA 
KC I S IGVATDNALVCS VDDRDTTG I S FT INNKEHYDL P I LGKHNMKNATI AI AVGHELGLTYNT I YQNLKNVSLTGMRME 
QHTLENDITVINDAYNASPTSMRAAIDTLSTLTGRRILILGDVLELGENSKEMHIGVGNYLEEKHIDVLYTFGNEAKYIY 
DSGQQHVEKAQHFNS KDDMIEVLINDLKAHDRVLVKGSRGMKLEEWNALIS 

>HGS052 Ribosomal Protein S8 (SEQ ID NO:27) 
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ATGACAATGACAGAT C CAAT CG CAGATATG CT TACT CG TG T AAG AAACG CAAACATGGTG CGT CACGAGAAG TT AG AATT 
AC CTG C ATCAAATAT TAAAAAAGAAAT TG C TG AAAT C T TAAAGAG TGAAGG TTT CAT T AAAAATGT TGAATA CG T AGAAG 
ATGATAAACAAGGTGTACTTCGTTTATTCTTAAAATATGGTC7VAAACGATGAGCGTGTTATCACAGGATTAAAACGTATT 
T CAAAAC CAGGT TTACG TG TTT ATG CAAAAG C TAG CG AAATG C C TAAAGTATTAAATGG TT TAGGT ATTG CATTAG TAT C 
AACTTCTGAAGGTGTAATCACTGACAAAGAAGCAAGAAAACGTAATGTTGGTGGAGAAATTATCGCATACGTTTG 

>HGS052 Ribosomal Protein S8 (SEQ ID NO: 28) 

MTMTDP I ADMLTRVRNANMVRHEKLELPASNI KKE I AE I LKSEGF I KNVE YVEDDKQGVLRLFLKYGQNDERVI T 
GL KR I S KPG L R V Y AKAS E M P KVLNG LG I AL VS T S EG V I TD KE AR KRNVGG E 1 1 A YVW 

>HGS053 Ribosomal Protein S15 (SEQ ID NO: 29) 

ATGG CAATTT CACAAGAACGTAAAAACGAAAT CATTAAAGAATAC CG TG TACACGAAAC TGATAC TGG T T CAC CAG AAGT 
ACAAATCGCTGTACTTACTGC^GAAATCAACGCAGTAAACGAACACTTACGTACAC^CAAAAAAGACCACCATTC^ 
GTGGATTATTAAAAATGGTAGGTCGTCGTAGACATTTATTAAACTACTTACGTAGTAAAGATATTCAACGTTACCGTGAA 
TTAATTAAAT CAC T TGG CATC CGT CGT 

>HGS053 Ribosomal Protein S15 (SEQ ID NO: 30) 

MAI SQERKNE 1 1 KE YRVHETDTGS PEVQ I AVLTAE INAVNEHLRTHKKDHHSRRGLLKMVGRRRHLLNYLRS KD I 
QRYREL I KSLG I RR 

>HGS055 Ribosomal Protein S3 (SEQ ID NO: 31) 

TAAGGAGGGAATACTGTGGGTCAAAT^AATTAATCCAATCGGACTTCGTGTTGGTATTATCCGTGATTGGGAAGCTAAATG 
G TATG C TGAAAAAGACTT CG C T T CAC T T T TACACGAAGATT TAAAAAT C CG TAAATT TATTGATAATGAATT AAAAG AAG 
CATCAGTTTCTCACGTAGAGATTGAACGTGCTGCAAACCGTATCAACATTGCAATTCATACTGGTAAACCTGGTATGGTA 
ATTGGTAAAGGCGGTTCT^GAAATCGAAAAATTACGCAACAAATTAAATGCGTTAACTGATAAAAAAGTACACATCAACGT 
AATTGAAATCAAAAAAGTTGATCTTGACGCTCGTTTAGTAGCTGAAAACATCGCACGTCAATTAGAAAACCGTGCTTCAT 
TCCGTCGTGTACAAAAACAAGCAATCACTAGAGCTATGAAACTTGGTGCTAAAGGTATCAAAACTCAAGTATCTGGTCGT 
TTAGGCGGAGCTGACATCGCTCGTGCTGAACAATATTCAGAAGGAACTGTTCCACTTCATACGTTACGTGCTGACATCGA 
TTATGCACACGCTGAAGCTGACACTACTTACGGTAAATTAGGCGTTAAAGTATGGATTTATCGTGGAGAAGTTCTTCCTA 
C TAAGAACAC T AGTGGAGG AGG AAAA 

>HGS055 Ribosomal Protein S3 (SEQ ID NO: 32) 

VGQKINPIGLRVGI IRDWEAKWYAEKDFASLLHEDLKIRKFIDNELKEASVSHVEIERAANRINIAIHTGKPGMVIGKGG 
SEIEKLRNKLNALTDKKVHINVIEIKKVDLDARLVAENIARQLENRASFRRVQKQAITRAMKLGAKGIKTQVSGRLGGAD 
IARAEQYSEGTVPLHTLRADIDYAHAEADTTYGKLGVKVWI YRGEVLPTKNTSGGGK 

>HGS056 Ribosomal Protein S5 (SEQ ID NO: 33) 

ATGG C T CG T AGAGAAGAAG AGACG AAAG AATT TGAAG AACG CG T TG T TAC AAT C AAC CG TG TAG CAAAAGTTG TAAAAGG 
TGGTCGTCGTTTCCGTTTCACTGCATTAGTTGTAGTTGGAGACAAAAATGGTCGTGTAGGTTTCGGTACTGGTAAAGCTC 
AAGAGG TAC CAGAAG CAAT CAAAAAAG C TGTTG AAG C AG CT AAAAAAGAT T TAG TAG T TGTT C CACGTGT TGAAGG TACA 
ACTCCACACACAATTACTGGCCGTTACGGTTCAGGAAGCGTATTTATGAAACCGGCTGCACCTGGTACAGGAGTTATCGC 
TGG TGG T C CTG T T CG TC CCGT AC TTGAAT T AGCAGG T ATCACTG ATATCT TAAGTAAAT CT^TTAGG AT CA^CACAC CAA _ 
YC^CATGGTTCGTG CTACAAT CGATGGTTTACAAAACCTTAAAAATGCTGAAGATGTTGCGAAATTACGTGGCAAAACA 
GT AGAAG AAT TAT AC AAT 

>HGS056 Ribosomal Protein S5 (SEQ ID NO: 34) 
MARREEETKEFEERWTINRVAKWKGGRRFRFTALVWGDKNGR 

RVEGTTPHTITGRYGSGSVFMKPAAPGTGVIAGGPVRAVLELAGITDILSKSLGSNTPINMVRATIDGLQNLKNA 
EDVAKLRGKTVEELYN 

>HGS057 Ribosomal Protein S9 (SEQ ID NO: 35) 

ATGG CACAAG T TGAATATAGAGG CACAGG C CG T CGTAAAAAC T CAG TAG CACGTG TACG TTTAG T AC CAGGTGAAGG TAA 
jCATCACAGXTAATAACCG.TGACGTACGCGAATACTTACGAT-^^ 

TAACTGAAACTAAAGGTAACTATGATGTTTTAGTTAACGTTCATGGTGGTGGTTTCACTGGACAAGCTCAAGCTATCCGT 
CACGGAATCGCTCGTGCATTATTAGAAGCAGATCCTGAATACAGAGGTTCTTTAAAACGCGCTGGATTACTTACTCGTGA 
CCCACGTATGAAAGAACATAAAAAACCAGGTCTTAAAGCAGCTCGTCGTTCACCTCAATTCTCAAAACGT 

>HGS057 Ribosomal Protein S9 (SEQ ID NO: 36) 

MAQVEYRGTGRRKNSVARVRLVPGEGNITVNNRDVREYLPFESLILDLNQPFDVTETKGNYDVLVNVHGGGFTGQ 
AQAIRHGIARALLEADPEYRGSLKRAGLLTRDPRMKEHKKPGLKAARRSPQFSKR 

>HGS058 Ribosomal Protein S10 (SEQ ID NO: 37) 
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ATGG CAAAAC AAAAAAT CAG AAT CAGAT TAAAGG C TTATGAT CAC CG CGTAAT T GAT CAAT CAG CAGAGAAGATTGTAGA 
AACAGCGAAACGTTCTGGTGCAGATGTTTCTGGACCTWVTTCCGTTACCAACTC^ 
CCGTGCATAAGTATAAAGATTCACGTGAACAATTCGAACAACGTACACACAAACGTTTAATCGATA 
CCAAAAACAGTTGACGCTTTAATGGGCTTAAACTTACCATCTGGTGTAGACATCGAAATCAAATTA 

>HGS058 Ribosomal Protein S10 (SEQ ID NO: 38) 

MAKQKIRIRLKAYDHRVIDQSAEKIVETAKRSGADVSGPIPLPTEKSVYTIIRAVHKYKDSREQFEQRTHKRLID 
I VNPTPKTVDALMGLNLPSGVD IEIKL 

>HGS059 Ribosomal Protein S14 (SEQ ID NO: 39) 

ATGG C T AAGAAAT C TAAAATAG CAAAAG AGAGAAAAAGAG AAGAGT TAG T AAATAAATAT TACGAAT TACGTAAAGAG TT 
AAAAG C AAAAGGTGATT ACGAAG CGTTAAG AAAAT TAC CAAGAG AT T CAT CAC C TACACG T T T AAC TAGAAG ATG T AAAG 
TAACTGGAAGACCTAGAGGTGTATTACGTAAATTTGAAATGTCTCGTATTGCGTTTAGAGAACATGCGCACAAAGGACAA 
AT T C CAGGTG T T AAAAAAT CAAGT TGG 

>HGS059 Ribosomal Protein S14 {SEQ ID NO: 40) 

MAKKSKIAKERKREELVNKYYELRKELKAKGDYEALRKLPRDSSPTRLTRRCKVTGRPRGVLRKFEMSRIAFREH 
AHKGQ I PG VKKS S W 

>HGS060 Ribosomal Protein S19 (SEQ ID NO: 41) 

ATGG C T CGTAG T ATT AAAAAAGGAC CT T T CGT CGATGAG CAT T T AA-TGAAAAAAG TTG AAG CT CAAGAAGGAAG CGAAAA 
GAAACAAGTAATCAAAACATGGTCACGTCGTTCTACAATTTTCCCTAATTTCATCGGACATACTTTTGCAGTATACGAC^ 
GACGTAAACACGTACCTGTATATGTAACTGAAGATATGGTAGGTCATAAATTAGGTGAGTTTGCTCCTACTCGTACATTC 
AAAGG ACACG T TG C AGACGACAAGAAAACAAG AAGA 

>HGS060 Ribosomal Protein S19 (SEQ ID NO: 42) 

MARSIKKGPFVDEHLMKKVEAQEGSEKKQVIKTWSRRSTIFPNFIGHTFAVYDGRKHVPVYVTEDMVGHKLGEFA 
PTRTFKGHVADDKKTRR 

>HGS062 Ribosomal Protein S14 Homolog (SEQ ID NO: 43) 

ATGGCTAAAACTTCAATGGTTGCTAAGCAACAAAAAAAACAAAAATATGCAGTTCGTGAATACACTCGTTGTGAACGTTG 
TGGCCGTCCACATTCTGTATATCGTAAATTTAAATTATGCCGTATTTGTTTCCGTGAATTAGCTTACAAAGGCCAAATCC 
CTGGCGTTCGTAAAGCTAGCTGG 

>HGS062 Ribosomal Protein S14 Homolog (SEQ ID NO: 44) 
MAKTSMVAKQQKKQKYAVREYTRCERCGRPHSVYRKFKLCRICFRELAYKGQIPGVRKASW 

>HGS064 YycF (SEQ ID NO:45) 

ATGG C TAGAAAAG TTG TTG T AGTTGATG ATGAAAAAC CGAT TG CTGATAT T TTAGAAT T T AAC T TAAAAAAAGAAGGATA 
CGATG TG TAC TG TG C ATACG ATGGTAATGATG CAG T CGAC T TAATTTATGAAGAAGAAC CAGACAT CGTAT TACT AG ATA 
TCATGT TAC C TGG TCGTGATGGTATGGAAGTATGTCGTGAAGTGCGCAAAAAATACGAAATGCCAATAATAATGCT TACT 
GCTAAAGATTC^GAT^TTCATAAACT 

TGAATTAATCGCACGTGTGAAAGCGAACTTACGTCGTC^^ 

AAAT CACAAT TAAAG ATAT TGTGATT TAT C CAGACG CAT AT T CT AT TAAAAAACG TGG CGAAGATAT TG AAT TAACACAT 
CGTGAATTTGAATTGTTCCATTATTTATCAAAACATATGGGACAAGTAATGACACGTGA^ 

GGGCTATGATTACTTTGGCGATGTACGTACGGTCGATGTAACGATTCGTCGTTTACGTGAAAAGATTGAAGATGATCCGT 
CACAT C C TGAATATAT TG TGACG CG TAG AGG CGT TGG AT AT T T C C T C CAACAAC ATGAG 

>HGS064 YycF (SEQ ID NO: 46) 

MARKVVVVDDEKPIADILEFNLKKEGYDVYCAYDGNDAVDLIYEEEPDIVLLDIMLPGRDGMEVCREVRKKYEMP 
1 1 MLTAKDS E I DKVLGLELGADD YVTKP FSTR EL I AR VKANLRRHYSQPAQDTGNVTNE I T I KD I VI YPDAYS I K 
KRGEDIELTHREFELFHYLSKHMGQVMTREHLLQTVWGYDYFGDVRTVDVTIRRLREKIEDDPSHPEYIVTRRGV 
GYFLQQHE : 

>HGS063 (SEQ ID NO: 47) 

ATGCCATTATTTTTACMCC^^TTTTAAAAACAAAATTATGGGGCGGTO\ACGTCTAAGTGAGTTTGGATATCAATTAGA 
CAATGATACAACTGGGGGAATGTTGGTGTGTG TCAGCACAT CCAAATGGTACGAGCGAGATTATTAATGGAC CATATCAA 
GGTCAAACATTAGACCGTATTTGGTCAGAACATCGTGAATTGTTTGGTGATTTCCCAAGCAAAGATTTTCCGCTTC 
TAAAATAGTGGATGCAAGAGAATCACTTTCTATTCATGTGCACCCTGATAATTCTTATGCTTATGAGCATGAAAACGGGC 
AAT ATGG CAAAT CTG AATG TTG G T ATAT TATAGATG C AG AAG AAG ATG CAGAAAT AG TT ATAGGGA CAT TAG CAGAG T CT 
AG AGAAG AAG TTG CGAAT C ATG T T C AAC ACGG AACG ATAGAG T CGATAC T TAGAT AT AT TAAAG TAAAAC C TGGAG AATT 
CT ATT T TAT T C CAG C AGG AACAGTW CAT AC TAT T T C T T CAGGAATATT AG C ATACGAAACG AT G CAAT CG T CAGACAT TA 
CAT AT AG AC T TTATG ATT T CAAT CG TCAAGATAAT CAATAT AATGATAGAC CGT TAAATAT TG AAAAAG C TT TAGACG T T 
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ATTCAGTACAATGCACCATTACCTAATATTTTGCCTGA/^AGCGAAATTATTGAAAACCATAAGTGTACACACATTGTATC 
GAATGATTTCTTTACATTGGTTAAATGGGAAATTTCTGGCACGTTAAATTATATGAAGCCTAGAGAGTTCTGTTTAGTTA 
CAGTGTTGGAAGGCGAAGGGCAAATGATTGTCTATGGTGAAATTTTCAAACTGACTACTGGTACAAACTTTATTTTGACT 
TCTGAAGATTTGGATAGTGTCTTTGAAGGTGATTTCACATTGATGATTAGCTATGTG 



>HGS063 (SEQ ID NO: 48) 

MPLFLQPILKTKLWGGQRLSEFGYQLDNDTTGECWCVSAHPNGTSEIINGPYQGQTLDRIWSEHRELFGDFPSKD 
FPLLTKIVDARESLSIHVHPDNSYAYEHENGQYGKSECWYI IDAEEDAEIVIGTLAESREEVANHVQHGTIESIL 
RYIKVKPGEFYFIPAGTVHTISSGILAYETMQSSDITYRLYDFNRQDNQYNDRPLNIEKALDVIQYNAPLPNILP 
ESEIIENHKCTHIVSNDFFTLVKWEISGTLNYMKPREFCLVTVLEGEGQMIVDGEIFKLTTGTNFILTSEDLDSV 
FEGDFTLMISYV 

>HGS065 (SEQ ID NO: 49) 

ATGG C TG TAT TAT AT T T AG TGGG CACAC CAAT TGG T AAT TTAG CAGATAT TACT TAT AGAG CAGTTGATGTATTGAAACG 
TGT TGATATG ATTG C T TG TG AAG ACACTAG AG TAAC TAG TAAAC TGTG TAAT CATTATGATATT C C AAC T CC AT TAAAG T 
CATATCACGAACATAACAAGGATAAGCAGACTGCTTTTATCATTGAACAGTTAGAATTAGGTCTTGACGTTGCGCTCGTA 
T CTG ATG C TGGAT TG C C CT TAAT TAG TG AT C C TGGATACGAATT AGTAG TGG GAG C CAG AGAAG C T AATATT AAAG TAGA 
GACTGTGCCTGGACCTAATGCTGGGCTGACGGCTTTGATGGCTAGTGGATTACCTTCATATGTATATACATTTTTAGGAT 
T TTTG C CACGAAAAG AGAAAGAAAAAAG TG CTGTATTAGAG CAACG TATG CATG AAAAT AG CACAT TAAT TAT ATA CGAA 
TCACCGCATCGTGTGACAGATACATTAAAAACAATTGCAAAGATAGATGCAACACGAGAAGTATCACTAGGGGGTGAATT 
AACTAAGAAG TT CGAAC AAAT TGTAACTGATG ATG TAACACAAT TACAAG CAT TGATT CAG CAAGG CGATGT AC CAT TGA 
AAGGCGAATTCGTTATCTTAATTGAAGGTGCTAAAGCGAACAATGAGATATCGTGGTTTGATGATTTATCTATCAATGAG 
CATGTTGATCATTATATTCAAACTTCACAGATGAAACCAAAACAAGCTATTAAAAAAGTTGCTGAAGAACGAC7\ACTTAA 
AACGAATG AAG TAT AT AAT ATT TAT CAT CAAATAAGT 

>HGS065 (SEQ ID NO: 50) 

MAVL YL VGTP IGNLAD I TYRAVDVLKRVDM I ACEDTR VTS KLCNH YD I PTPLKS YHEHN KDKQTAF 1 1 EQLE LGL 
DVALVSDAGLPLISDPGYELWAAREANIKVETVPGPNAGLTALMASGLPSYVYTFLGFLPRKEKEKSAVLEQRM 
HENSTLIIYESPHRVTDTLKTIAKIDATRQVSLGRELTKKFEQIVTDDVTQLQALIQQGDVPLKGEFVILIEGAK 
ANNEISWFDDLSINEHVDHYIQTSQMKPKQAIKKVAEERQLKTNEVYNIYHQIS 

>HGS066 (SEQ ID NO: 51) 

ATGAAATT TGGAAAAACAAT CG CAG TAG TATTAG CAT C TAG TGT C TTG CT TG CAGGATG T AC T ACG G ATAAAAAAG AAAT 
TAAGGCATATTTAAAGCAAGTGGATAAAATTAAAGATGATGAAGAACCAATTAAAACTGTTGGTAAGAAAATTGCTGAAT 
TAGATGAGAAAAAGAAAAAATTAACTGAAGATGTCAATAGTAAAGATACAGCAGTTCGCGGTAAAGCAGTAAAGGATTTA 
AT TAAAAATG C CGATG AT CG T CTAAAGG AAT T TGAAAAAG AAG AAG ACG C AAT TAAGAAG T C TGAACAAGAC T T TAAGAA 
AG CAAAAAG T C ACG T TGAT AACAT TGAT AATGATG TT AAACG TAAAGAAG T AAAACAAT TAG ATGATGTATT AAAAGAAA 
AAT AT AAG T TACACAG TGATT ACG CG AAAG CAT AT AAAAAGG CTG TAAAC T CAG AGAAAACATTATT TAAATAT T T AAAT 
CAAAATGACG CGACACAA CAAGG TG T T AACGAAAAAT CAW AAG CAAT AGAACAG AACTATAAAAAG T TAAAAGAAG TAT C 
AG AT AAG T AT ACAAAAG TACTAAATAAG GT TGG TAAAGAAAAG CAAG ACG TTGAT C AAT T TAAA 



>HGS066 (SEQ ID NO: 52) 

MKFGKT I AWLASS VLLAGCTTDKKE I KAYLKQVDKI KDDEEP I KTVGKK I AELDEKKKKLTEDVNS KDTAVRGK 
AVKDLIKNADDRLKEFEKEEDAIKKSEQDFKKAKSHVDNIDNDVKRKEVKQLDDVLKEKYKLHSDYAKAYKKAVN 
SEKTLFKYLNQNDATQQGVNEKSXAIEQNYKKLKEVSDKYTKVLNKVGKEKQDVDQFK 

>HGS067 (SEQ ID NO: 53) 

ATCGAGGACAGAATATTGTTAAAGTATGAACATATTGCTAAGCAGCTTAATGCGTTTATACATCAATCTAATTTCAAACC 
CGGTGATAAATTGCCAAGCGTGACGCAATTAAAAGAACGTTATCAAGTAAGTAAGAGTACTATCATTAAAGCATTAGGCT 
TATTGGAA CAAGATGGTTTGATCTATCAAGCA CAAGG CAGTGGTATTTATGTGAGAAAT ATTG CTGATGCCAATCGTATC 
AACGTCTTTAAGACTAATGGTTTCTCTAAAAGTTTAGGTGAACACCGAATGACAAGTAAGGTACTTGTTTTTAAGGAGAT 
TG CAACG C CAC CTAAATCTGTACAAGATGAG C T C CAATTAAATG CAG ATG AT AC CG T CT ACT AT T T AGAG CG AT-TAAG A-T- 
TCGTGGACGATGATGTTTTATGTATCGAATATTCTTATTATCATAAAGAAATCGTGAAATATTTAAATGATGATATTGCT 
AAGGGCTCTATCTTCG ACT ATTTAGAATCAAA CATG AAACTTCGTATTGGTTTTTCAGAT ATT TTCTTTAATGTAGATCA 
ACTC^CTTCAAGTGAAGCTTCATTACTACAATTGTCTACAGGTGAACCATGTTTACGTTACCACCAGAC 
TGACTGGCAAACCCTTTGATTCATCTGACATCGTATTTCATTATCGTCATGCACAGTTTTATATTCCTAGTAAAAAG 

>HGS067 (SEQ ID NO: 54) 

IEDRILLKYEHIAKQLNAFIHQSNFKPGDKLPSVTQLKERYQVS KSTI IKALGLLEQDGLIYQAQGSGI YVRNIA 
DANRINVFKTNGFSKSLGEHRMTSKVLVFKEIATPPKSVQDELQLNADDTVYYLERLRFVDDDVLCIEYSYYHKE 
IVKYLNDDIAKGSIFDYLESNMKLRIGFSDIFFNVDQLTSSEASLLQLSTGEPCLRYHQTFYTMTGKPFDSSDIV 
FHYRHAQFY I PS KK 
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>HGS068 (SEQ ID NO: 55) 

ATGAC TG T AG AATGG TT AG CAG AACAAT TAAAAGAAC ATAATAT T CAATTAACTG AGAC TCAAAAACAACAGT TT CAAAC 
ATATTATCGTTTACTTGTTGAATGGAATGAAAAGATGAATTTGACAAGTATTACAGATGAACACGATGTATATTTGAAAC 
ATTTTTATGATTCCATTGCACCTAGTTTTTATTTTGATTTTAATCAGCCTATAAGTATATGTGATGTAGGCGCTGGAGCT 
GGTTTTCCAAGTATTCCGTTAAAAATAATGTTTCCGCAGTTAAAAGTGACGATTGTTGATTCATTAAATAAGCGTATTCA 
AT TTTT AAAC CATTT AG CGT CAG AATTACAAT TACAGGATGT GAG C T TTATACACGATAGAG CAG AAACATT TGG TAAGG 
GTGTCTACAGGGAGTCTTATGATGTTGTTACTGCAAGAGCAGTAGCTAGATTATCCGTGTTAAGTGAATTGTGTTTACCG 
CTAGTTAAAAAAGGTGGACAGTTTGTTGCATTAAAATCTTCAAAAGGTGAAGAAGAATTAGAAGAAGCAAAATTTGCAAT 
TAG TGTGTTAGG TGG TAATGT T ACAGAAACACAT AC C T TTG AAT TG C CAG AAGATG CTG GAGAG CG C CAGATG TT C ATTA 
T TG ATAAAAAAAGACAGACG C CGAAAAAGTAT C CAAG AAAAC CAGGGACG C TAAT AAG AC T C C TTT ACTTGAAAAA 

>HGS068 (SEQ ID NO: 56) 

MTVEWLAEQLKEHNI QLTETQKQQFQTYYRLLVEWNEKMNLTS I TDEHDVYLKHFYDS I APSFYFDFNQP I S I CD 
VGAGAGFPSIPLKIMFPQLCTTIVDSLNKRIQFLNHLASELQLQDVSFIHDRAETFGKGVYRESYDVVTARAVAR 
LSVLSELCLPLVKKGGQFVALKSSKGEEELEEAKFAISVLGGNVTETHTFELPEDAGERQMFI IDKKRQTPKKYP 
RKPGTPNKTPLLEK 

>HGS069 (SEQ ID NO: 57) 

ATGGCACATACCATTACGATTGTTGGCTTAGGAAACTATGGCATTGATGATTTGCCGCTAGGGATATATAAATTTTTAAA 
GACACAAGATAAAG T TTATG CAAGAACG T TAG ATCAT C CAG T TAT AG AAT CATTG CAAG ATGAATTAACATT T CAGAGT-T 
TTGACCATGTTTATGAAGCACATAACCAATTTGAAGATGTCTATATTGATATTGTGGCGCAATTGGTTGAAGCTGCTAAT 
GAAAAAGATATTGTCTATGCGGTTCCGGGTCATCCTAGAGTTGCTGAGACAACTACAGTGAAATTACTGGCTTTAGCAAA 
GG AC AATACT GAT AT AG ATGTGAAAGTTTTAGGTGGGAAAAGCTTTATTGATGATGTGTTTG AAG CAGTTAATG TAG AT C 
CAAATGATGGCTTC^CACTGTTAGATGCGACATCATTACAAGAAGTAACACTTAATGTTAGAACGCATACATTGATTACG 
CAAGTTTATAGTGCAATGGTTGCTGCTAATTTGAAAATCACTTTAATGGAACGATATCCTGATGATTACCCTGTTCAAAT 
TGTCACTGGTGCACGAAGCGATGGTGCGGATAACGTTGTGACATGCCCATTATATGAATTGGATCATGATGAAAATGCAT 
TCAATAATTTGACGAGTGTATTCGTACCAAAAATCATAACATCGACATATTTGTATCATGACTTTGATTTTGCAACGGAA 
GTGATTGATACTTTAGTTGATGAAGATAAAGGTTGTCCATGGGATAAAGTGCAAACGCaTGnAAcgCTAAAGCGTTATTT 
ACTTGAAG AAACATT TGAATTGTTCGAAGCTATTGACAATG AAG ATGATTGGCATATGATTGAAGAACTAGG AG AT ATT T 
T ATTAC AAGTGTT AT TG C ATAC T AGTAT TGGT AAAAAAGAAGGG TATAT CGACAT TAAAGAAG TGAT TACAAGT C T TAAT 
GCTAAAATGATTCGTAGACACCCACACATATTTGGTGATGCCAATGCTGAAACTATCGATGACTTAAAAGAAATTTGGTC 
TAAGGCGAAAGATG CTGAAGGTAAACAG CCAAGAGTTAAATTTGAAAAAGTATTTG CAGAG CATTTTTTAAATTTATATG 
AG AAGACGAAGG ATAAG T CAT T TGATGAGG C CG CGTT AAAG CAGTGG CTAGAAAAAGGG GAGAG T AATACA 

>HGS069 (SEQ ID NO: 58) 

MAHTITIVGLGNYGIDDLPLGIYKFLKTQDKVYARTLDHPVIESLQDELTFQSFDHVYEAHNQFEDVYIDIVAQL 
VE AAN E KD I V YAV P G H P R VAE T TT VKL LALAKDNTD I D V KVLGG KS F I DD V FE A VNVD P NDG F T L LD AT S LQ E VT 
LNTOTHTLITQVYSAIWAANLKITLMERYPDDYPVQIVTGARSDGAD^^ 

I TSTYLYHDFDFATE VIDTLVDEDKGCP WDKVQTHXTLKRYLLEETFELFEAI DNEDDWHM I EELGDI LLQVLLH 
TSIGKKEGYIDIKEVITSLNAKMIRRHPHIFGDANAETIDDLKEIWSKAKDAEGKQPRVKFEKVFAEHFLNLYEK 
TKDKSFDEAALKQWLEKGESNT _ _ 

>HGS070 (SEQ ID NO: 59) 

AATGTAAATCATTCTAATAAAACGACAACTGTGTCTTCTTTACTTGTATATGTTACATATATTCACGATAGAGAGGATAA 
GAAAATGG CT CAAAT TT CT AAATATAAACG TG TAGT T TTGAAAC TAAG TGGTGAAG CGT TAG C TGGAGAAAAAGGAT T TG 
G CATAAATC CAG TAAT TAT TAAAAGTG TTG CTGAG CAAG TGG CTGAAGTTGCTAAAATGGACTGTGAAATCG CAG TAAT C 
GTTGGTGGCGGAAACATTTGGAGAGGTAAAACAGGTAGTGACTTAGGTATGGACCGTGGAACTGCTGATTACATGGGTAT 
GCTTGCAACTGTAATGAATGCCTTAGCATTACAAGATAGTTTAGAACAATTGGATTGTGATACACGAGTATTAACATCTA 
T TGAAATGAAG CAAG TGG C TG AAC C T TATAT T CGT CG T CGTG CAATTAGACAC T T AG AAAAGAAACG CG TAG T TAT TT T T 
G C TG CAGG TATTGGAAAC C CAT AC T T CT C TACAG ATAC TAC AG CGG C ATT ACG TG CTG C AGAAG T TGAAG CAGATG T TAT 
TTTAATGGGCAAAAATAATGTAGATGGTGTATATTCTGCAGATCCTAAAGTAAACAAAGATGCGGTAAAATATGAACATT 
TAACGCATATTCAAATGCTXC^ 

CCGTTAACTGTTTTCTCTATTATGGAAGAAGGAAATATTAAACGTGCTGTTATGGGTGAAAAGATAGGTACGTTAATTAC 
AAAA 

>HGS070 (SEQ ID NO: 60) 

NVNHSNKTTTVSSLLVYVTYIHDREDKKMAQISKYKRVVLKLSGEALAGEKGFGINPVI IKSVAEQVAEVAKMDC 
EIAVIVGGGNIWRGKTGSDLGMDRGTADYMGMLATVMNALALQDSLEQLDCDTRVLTSIEMKQVAEPYIRRRAIR 
HLEKKRWIFAAGIGNPYFSTDTTAALRAAEVEADVILMGKNNVDGVYSADPKVNKDAVKYEHLTHIQMLQEGLQ 
VMDSTASSFCMDNNI PLTVFS IMEEGNI KRAVMGEKIGTLI TK 
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>HGS071 D-alanyl-alanine ligase ( DdlA) (SEQ ID NO: 61) 

ATGACAAAAGAAAATATTTGTATCGTTTTTGGAGGGAAAAGTGCAGAACACGAAGTATCGATTCTGACAGCACAAAATGT 
ATTAAATGCAATAGATAAAGACAAATATCATGTTGATATCATTTATATTACCAATGATGGTGATTGGAGAAAGCAAAATA 
ATATTACAG C TGAAAT TAAAT CTAC TGATG AG CTT CATTTAGAAAATGG AGAGG CG CTTGAGAT T T CACAG C TAT TGAAA 
GAAAGTAGTTCAGGACAACCATACGATGCAGTATTCCCATTATTACATGGTCCTAATGGTGAAGATGGCACGATTCAAGG 
GCTTTTTGAAGTTTTGGATGTACCATATGTAGGAAATGGTGTATTGTCAGCTGCAAGTTCTATGGACAAACTTGTAATGA 
AACAAT TATT TGAAC AT CG AGGG TTAC CACAG TT AC C TTATAT TAG TT T C T TACGT T C TGAAT ATGAAAAAT ATGAACAT 
AACATTTTAAAAT TAG TAAATG AT AAAT TAAAT TACCCAGTCTTTGTTAAACCTGCTAACTTAGGGTCAAGTGTAGGTAT 
CAGTAAATGT AAT AATGAAG CGGAAC T T AAAG AAGGT ATTAAAG AAG CAT T C CAATT TG ACCG TAAG C TTG T TATAGAAC 
AAGGCGTTAACGCACGTGAAATTGAAGTAGCAGTTTTAGGAAATGACTATCCTGAAGCGACATGGCCAGGTGAAGTCGTA 
AAAGATGTCGCGTTTTACGATTACAAATCAAAATATAAAGATGGTAAGGTTCAATTACAAATTCCAGCTGACTTAGACGA 
AGATG T T CAAT T AACG C T TAG AAAT ATGG CAT TAG AGG CAT T CAAAG CGACAG ATTGT T C TGG T TT AGT C CG TG CTGATT 
TCTTTGTAACAGAAGACAACCAAATATATATTAATGAAACAAATGCAATGCCTGGATTTACGGCTTTCAGTATGTATCCA 
AAGTTATGGGAAAATATGGGCTTATCTTATCCAGAATTGATTACAAAACTTATCGAGCTTGCTAAAGAACGTCACCAGGA 
TAAACAG AAAAAT AAATAC AAAAT TG AC 

>HGS071 D-alanyl-alanine ligase (DdlA) (SEQ ID NO: 62) 

MTKENICIVFGGKSAEHEVSILTAQNVLNAIDKDKYHVDI I YITNDGDWRKQNNITAEIKSTDELHLENGEALEI 
SQLLKESSSGQPYDAVFPLLHGPNGEDGTIQGLFEVLDVPYVGNGVLSAASSMDKLVMKQLFEHRGLPQLPYISF 
LRSEYEKYEHNILKLVNDKLNYPVFVKPANLGSSVGISKCNNEAELKEGIKEAFQFDRKLVIEQGVNAREIEVAV 
LGNDYPEATWPGEWKDVAFYDYKSKYKDGKVQLQTPA^ 

QIYINETNAMPGFTAFSMYPKLWENMGLSYPELITKLIELAKERHQDKQKNKYKID 
>HGS072 Farnesyl diphosphatesynthase (IspA) (SEQ ID NO: 63) 

ATGACG AAT C TAC CG ATGAATAAATTAATAG ATGAAG T CAATAATGAATTAT CGGTTG CGAT AAAT AAAT CAG TAATGGA 
TACTCAGCTAGAAGAAAGTATGTTGTATTCATTAAATGCTGGAGGTAAACGCATCCGACCAGTTCTGTTATTACTCACTT 
TAGATT CAC T AAATAC CGAGTATGAG T T AGG T ATGAAG AG CG CAATTG CACTAG AAATG ATT C ATA CAT ATT CACT TATT 
CATGATGACCTACCAGCGATGGATAATGATGATTATCGACGAGGAAAATTAACAAATCATAAAGTATATGGTGAGTGGAC 
TG CGAT ATT AG CAGG TGATGCTT TATTAAC TAAAG CAT T TGAAC TTAT TT CAAG TGATG ATAG ATT AACTG ATGAAGT AA 
AAATAAAAGTTCTACAACGGCTGTCAATAGCAAG TGG TCATGTTGGAATGGTCGGCGGTCAAATGTTAGATATG CAAAG C 
GAAGGC CAACCAATTGATCTTGAAACTT TGGAAATGATACACAAAACAAAAACAGGAGCATTA TTAACTTTTG CGGTTAT 
GAG TG CAG CAGATAT CG CTAATGT CGAT GAT ACAAC TAAAG AAC ATT TAG AAAG TTATAGT TAT CATTTAGG TATGATGT 
T C CAGATT AAAG ATG AT TTATT AGAC TG CTAT GGTGATGAAG CAAAG TTAGGTAAAAAAG TGG G CAG CGAT CTTGAAAAT 
AATAAAAG TACGTACG TGAGTT TATT AGGGAAAGATGG CG CAGAAGAT AAAT TG AC T TAT CAT AGAGACG C AG CAG TGG A ' 
TGAACT AACG CAAAT TGAT GAAC AAT T C AATACAAAAC ACT TAT TAGAAAT CG T TGAT T T A 

>HGS072 Farnesyl diphosphate synthase (IspA) (SEQ ID NO: 64) 

MTNLPMNKLIDEVNNELSVAINKSVMDTQLEESMLYSLNAGGKRIRPVLLLLTLDSLNTEYELGMKSAIALEMIH 
TYSLIHDDLPAMDNDDYRRGKLTNHKVYGEWTAILAGDALLTKAFELISSDDRLTDEVKIKVLQRLSIASGHVGM 
VGGQMLDMQSEGQPIDLETLEMIHKTKTGALLTFAVMSAADIANVDDTTKEHLESYSYHLGMMFQIKDDLLDCYG 
DEAKLGKKVGSDLENNKSTYVSLLGKDGAEDKLTYHRDAAVDELTQIDEQFNTKHLLEIVDL 

>HGS073 Diphosphate Synthase (IspB) (SEQ ID NO: 65) 

TTTG T T AT T C TG AGT AG C CAATT TGG CAAAG ATGAACAAACGTCTGAACAAACG TAT CAAG TTG CAGTCGC ATT AG AGT T 
AATTCATATGGCAACACTTGTTCATGATGACGTTATTGATAAAAGCGACAAGCGTCGAGGCAAGTTAACCATATCAAAGA 
AATGGGATCAGACAACTGCTATTTTAACTGGGAATTTTTTATTGGCATTAGGACTTGAACACTTAATGGCCGTTAAAGAT 
AATCGTGTACATCAATTGATATCTGAAT CTAT CGTTGATGT TTG TAGAGGGGAACTTTTCCAATTTCAAGACCAATTTAA 
CAG T CAAC AG ACAAT TAT T AAT T ATT TA CGACG T AT C AAT CG CAAAACAG CAC TG T TAAT T CAAAT AT CAAC TG AAG TTG 
GTGCAATTACTTCTCAATCTGATAAAGAGACTGTACGAAAATTGAAAATGATTGGTCATTATATAGGTATGAGCTTCCAA 
ATCATTGATGATGTATTAGACTTCACAAGTACCGAAAAGAAATTAGGTAAGCCGGTCGGAAGTGATTTGCTTAATGGTCA 
TATT ACGT T AC CGAT t TTAT TAG AAATG CGTAAAAATC CAG AC TT CAAAT TGAAAATCGAACAGTTACGTCG TGAT AG TG 
AACG CAAAG AATTTGAAGAATG TAT C CAAAT CAT TAG AAAAT C TGACAG CAT CG ATG AGG CTAAGG CAG TAAGT T CG AAG 
TATT TAAG TAAAG CyT TGAATT TGAT TT C^^ A3 TTT^CAGATGGACAT C CGAGATCAC T ACy T TTAAG TTTG ACG AAAAA 
AATGGGTTCAAnAAACACG 

>HGS073 Diphosphate Synthase (IspB) (SEQ ID NO: 66) 

FVILSSQFGKDEQTSEQTYQVAVALELIHMATLVHDDVIDKSDKRRGKLTISKKWDQTTAILTGNFLLALGLEHL 
MAVKDNRVHQLISESIVDVCRGELFQFQDQFNSQQTI INYLRRINRKTALLIQI STEVGAITSQSDKETVRKLKM 
IGHYIGMSFQI IDDVLDFTSTEKKLGKPVGSDLLNGHITLPILLEMRKNPDFKLKIEQLRRDSERKEFEECIQI I 
RKSDSIDEAKAVSSKYLSKALNLISELPDGHPRSLXLSLTKKMGSXNT 

>HGS074 Undecaprenyl Pyrophosphate Synthetase (UppS) (SEQ ID NO: 67) 
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GTAAATTATATTATGAATTTGCCTGTCAATTTCTTAAAGACATTCTTACCGGAACTAATTGAAAAAAATGTCAAAGTTGA 
AACAATTGGATTTACTGATAAGTTGCCAAAATCAACGATAGAAGCAATTAATAATGCymAAGAAA^ 

C CGG CT T AAAATT AAT AT T TG CAAT TAATTATGG TGG CAGAG CAGAAC T TG T T CAT AG TAT T AAAAATATG T T TGACG AG 
C T T CAT CAAC AAGGT T TAAATAGTGATAT CAT AG ATGAAAC AT ATATAAACAAT CAT TT AATG ACAAAAGAC TAT C C TGA 
TCCAGAGTTGTTAATTCGTACTTCAGGAGAACAAAGAATAAGTAATTTCTTGATTTGGCAAGTTTCGTATAGTGAATTTA 
T CT T TAAT CAAAAAT TATGG C C TGAC T T TG ACGAAGATGAAT TAAT TAAATGTAT AAAAAT TT AT C AG T CACG T CAAAGA 
CGCTTTGGCGGATTGAGTGAGGAG 

>HGS0 74 Undecaprenyl Pyrophosphate Synthetase (UppS) (SEQ ID NO: 68) 
VNYIMNLPVNFLKTFLPELIEKNVKVETIGFTDKLPKSTIEAINNAXEKTANNTGLKLIFAINYGGRAELVHSIK 
NMFDELHQQGLNSDIIDETYINNHLMTKDYPDPELLIRTSGEQRISNFLIWQVSYSEFIFNQKLWPDFDEDELIK 
CIKIYQSRQRRFGGLSEE 

>HGS075 YycG (SEQ ID NO:69) 

ATGAAG TGG C TAAAACAAC TAC AAT C C C T T CAT ACTAAAT T TG TAATTG T T TATG TAT TAC TG AT TAT CAT T GG T ATG CA 
AAT TAT CGGG TT ATATTTT ACAAATAAC C T TG AAAAAGAG C TG C T TG ATAAT TT TAAGAAGAAT AT TACG GAG TAC G CGA 
AACAAT TAGAAATTAGTAT TGAAAAAG T ATATGACGAAAAGGG C T C CG TAAATG CACAAAAAGATAT T CAAAAT T TAT TA 
AGTGAG TATG C CAAC CG T CAAGAAATTGGAGAAAT T CG TT T TAT AG ATAAAGAC CAAAT TAT TATTG CGACGACGAAG CA 
G T C TAAC CG TAGT C TAAT CAAT CAAAAAG CGAATGAT AG T T CTG T C CAAAAAG C AC TAT CACT AGGACAAT CAAACGAT C 
ATTTAATTTTAAAAGATTATGGCGGTGGTAAGGACCGTGTCTGGGTATATAATATCCCAGTTAAAGTCGATAAAAAGGTA 
ATTGG TAAT ATTTAT AT CG AAT CAAAAAT TAATGACGTTTATAACCAATTAAAT AAT AT AAAT CAAAT AT TC AT TGT TGG 
T ACAG C TATT T C ATT ATT AAT C ACAGT C AT C C TAGGATT CT TTATAG CG CGAACGAT TAC CAAAC CAAT CAC CGAT ATG C 
GTAACCAGACGGTCGAAATGTCCaGAGGTAACTATACGCAACGTGTGAAGATTTATGGTAATGATGAAATTGGCGAATTA 
GCTTTAGCATTTAATAACTTGTCTAAACGTGTACAAGAAGCGCAGGCTAATACTGAAAGTGAGAAACGTAGACTGGACTC 
AGT TAT CAC C CAT ATGAG T GATGG TATTATTG CAACAGAC CG C CG TGG ACG TAT T CGTAT CG T CAATGATATGG CAC T CA 
AGATG C T TGG TATGG CGAAAGAAGACAT CAT CGGATATTACATG T TAAGTG TAT TAAGT CT TGAAG ATGAAT TTAAAC TG 
GAAG AAATT C AAGAGAATAATG ATAGT T T C T TATTAG ATT TAAATG AAGAAGAAGG T C T AAT CG CACGTGTT AACT TTAG 
TACGATTGTGCAGGAAACAGGATTTGTAACTGGTTATATCGCTGTGTTACATGACGTAACTGAACAACAACAAGTTGAAC 
GTGAGCGTCGTGAATTTGTTGCCAATGTATCACATGAGTTACGTACACCTTTAACTTCTATGAATAGTTACATTGAAGCA 
C TTGAAGAAG G TG CATGGAAAG ATGAGG AACT TG CG C CACAAT T T TTAT C TG TT AC C CG TGAAGAAACAGAACGAATGAT 
TCGACTGGTCAATGACTTGCTACAGT TAT CTAAAATG GAT AATG AGT CTG AT CAAAT CAACAAAGAAATTACGACTTTAA 
CATGT T CATT AATAAAAT TAT TAAT CG ACATG AAATG T CTG CG AAAGATACAACAT TTAT T CG AGATATT C C GAAAAAGA 
CGAT T T T C AC AGAAT TTG AT C C TGATAAAATG ACG CAAG TAT T TGAT AATG T CAT TACAAATG CGATGAAAT AT T C TAGA 
GGCGATAAACGTGTCGAGTTCCACGTGAAACAAAAT CCACTTTATAATCG AATG ACGATTCGT ATT AAAGATAATGGCAT 
TGG TAT T C C TAT C AAT AAAGT CGATAAG ATAT T CG AC CGAT T CT AT CG TG TAGATAAGG CACG TACG CG TAAAATGGGTG 
G TACTG GAT TAGGAC TAG C CAT TTCGAAAGAGATTGTGGAAGCGCACAATGGTCG TAT TTGGGCAAACAGTG TAG AAGGT 
CAAGGTACATCTATCTTTATCACACTTCCATGTGAAGTCATTGAAGACGGTGATTGGGATGAA 

>HGS075 YycG (SEQ ID NO: 70) 

MKWLKQLQSLHTKFVIVYVLLI IIGMQI IGLYFTNNLEKELLDNFKKNITQYAKQLEISIEKVYDEKGSVNAQKD 
IQNLLSEYANRQEIGEIRFIDKDQI IIATTKQSNRSLINQKANDSSVQKALSLGQSNDHLILKDYGGGKDRVWVY 

- N I PVKVD KKY I GN I Y I E S K I ND VYNQ LNN I NQ I F IVG TA I S L L I TV I LG F E I AR T I T K PJ TDM RNQ T-VE M S RGN Y - — 

TQRVKI YGNDEIGELALAFNNLSKRVQEAQANTESEKRRLDSVITHMSDGI IATDRRGRIRIVNDMALKMLGMAK 
EDIIGYYMLSVLSLEDEFKLEEIQENNDSFLLDLNEEEGLIARVNFSTIVQETGFVTGYIAVLHDVTEQQQVERE 
RREFVANVSHELRTPLTSMNSYIEALEEGAWKDEELAPQFLSVTREETERMIRLVNDLLQLSKMDNESDQINKEI 
IDFNMFINKI INRHEMSAKDTTFIRDIPKKTIFTEFDPDKMTQVFDNVITNAMKYSRGDKRVEFHVKQNPLYNRM 
TIRIKDNGIGIPINKVDKIFDRFYRVDKARTRKMGGTGLGLAISKEIVEAHNGRIWANSVEGQGTSIFITLPCEV 
IEDGDWDE 

>pbpl (SEQ ID NO: 71) 

ATGGCGAAGCAAAAAATTAAAATTAAAAAAAATAAAATAGGGGCAGTCCTACTTGTTGGTTTATTCGGACTGCTCTTTTT 
TATAT T GGT T TT AAG AAT T T CATAT AT CATGAT T AC T GGACATT C T AATGGT CAAGAT T TAG T CAT GAAGG C AAATGAAA 
AGTATT TAGT TAAG AATG CACAACAAC C AGAACG AGGAAAG ATATATGAT CG TAATGGT AAAG TG C TAG GAG AAGATGTA 
GAAAGATAT AAACT TGT TG CAG TAAT AG ATAAAAAGG CGAGTG C CAATTCTAAAAAACCTAGG CATG TAGTTGATAAAAA 
AG AG AC TG C AAAGAAAT TAT CTACAG T C ATTAATATG AAG C CAG AGG AAAT TG AAAAG AG ACT TAG T CAAAAGAAAG C T T 
TCCAAATTGAATTTGGACGCAAAGGAACAAATTTAACGTATCAGGACAAATTGAAAATAGAGAAAATGAATTTGCCTGGT 
ATTTCTTTATTGCCTGAAACAGAACGCTTTTATCCAAATGGCAATTTTGCATCACACTTAATTGGTAGAGCTCAGAAAAA 
TCCGGATACTGGTGAACTTAAAGGTGCACTTGGAGTTGAAAAGATTTTTGATAGTTATTTAAGTGGATCTAAAGGATCAT 
TGAGATATATTCATGATATTTGGGGATATATCGCACCAAATACTAAAAAAGAGAAGCAGCCTAAACGTGGTGATGATGTC 
CATT TAACAAT CGAT T CAAA TATT CAAG TAT T TG T TGAAG AAG C T TT AGATGG C ATGGT TG AAAG AT AC C AG C CGAAAGA 
TTTATTTGCGGTTGTCATGGATGCCAAAACTGGAGAAATTTTAGCATACAGTCAGCGACCAACATTTAATCCTGAAACTG 
GTAAAGACTTTGGTAAAAAGTGGGCAAATGACCTTTATCAAAACACATACGAGCCTGGATCAACATTTAAATCATATGGG 
T TAG CAG C TG C TATT CAAG AAGG TG CTT T TG AT C CTG ATAAGAAAT ATAAAT CTGGACATAGAGAT AT TATG GG T T CACG 
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TATTTCAGACTGGAATAGAGTCGGTTGGGGTGAAATCCCAATGTCACTCGGATTTACTTATTCATCTAATACATTGATGA 

TGCATTTACAAGATTTAGTTGGTGCAGACAAAATGAAATCTTGGTATGAACGATTTGGATTTGGAAAATCAACTAAAGGT 

ATGTTTGATGGAGAAGCACCTGGTCAAATTGGATGGAGTAATGAGTTGCAACAAAAAACGTCATC7VTTTGGTCAATCGA 

AACAGTAACACCTGTTCAAATGTTACAAGCGCAATCAGCGTTCTTTAATGATGGTAATATGTTAAAACCATGGT 

ATAGCGTTGAAAATCCTGTTAGTAAAAGACAATTTTATAAAGGGCAAAAACAA^^ 

ACTGCTGAAAAAGTTGAAAAGCAATTGGATTTAGTTGTGAATAGTAAGAAGAGTCACGCTGCAAACTATCGTATTGATGG 
T TATGAGG T CGAAGG TAAG AC TGG TACAG CAC AAGT CG C TG CAC CTAATGGTGG TGGAT ACGT TAAAGGT C C AAAC C CAT 
ATTTTGTAAGTTTTATGGGTGACGCGCCGAAGAAAAATCCTAAAGTTATTGTATACGCTGGTATGAGCTTGGCACAAAAA 
AATGACCAAGAAGCTTATGAATTAGGTGTTAGTAAAGCGTTTAAACCAATAATGGAAAATACTTTGAAATATTTAAATGT 
AGGTAAAT CAAAAG ATGACACAT CT AATG CAG AGT ATAGTAAAG TG C CAG ATGT TG AAGG T CAAGACAAACAAAAAG CTA 
TTGATAATGTGAGTGCAAAATCATTAGAACCAGTTACTATTGGTTCTGGCAC^CAAATAAAAGCA 

GGGAATAAAGTCTTACCTCATAGTAAAGTACTGTTATTAACAGATGGAGACTTAACTATGCCTGACATGTCAGGATGGAC 
G AAAGAAG ATGT CAT TG CT T T TG AAAAC C TAACAAAT ATTAAAG TAAAT T TAAAAGGT AG CGG T TT TG TG T C C CAC CAAT 
CAATTAGT AAGGGACAAAAAC T T ACTGAAAAAGATAAAATAGACG TAGAATTT T CAT CAGAGAATG TAGACAG CAAT T CG 
ACGAAT AAT T CTGAT TCAAAT T CAG ATG ATAAGAAGAAAT C TGACAGTAAAAC TGACAAGGATAAG T CGGAC 

>Pbpl (SEQ ID NO: 72) 

makqkikikknkigavllvglfgllffilvlrisyimitghsngqdlvmkanekylvknaqqpergkiydrngkv 

laedveryklvavidkkasanskkprhvvdkketakklstv^ 

lkiei^nlpgisllpeterfypngnfashligraqknpdtg 

pntkkekqpkrgddvhltidsniqvfveealdgmveryqpkdlfavvmdaktgeilaysqrptfnpetgkdfgkk 
wandlyqntyepgstfksyglaaaiqegafdpdkkyksghrdimgsrisdwnrvgwgeipmslgftyssntlmmh 
lqdlvgadkmkswyerfgfgkstkgmfdgeapgqigwsnelqqktssfgqsttvtpvqmlqaqsaffndgnmlkp 
wfvnsvenpvskrqfykgqkqiagkpitkdtaekvekqldlwnskkshaanyridgyevegktgtaqvaapngg 
gwkgpnpyfvsfmgdapkknpkvivyagmslaqkndqeayelgvskafkpimentlkylnvgkskddtsnaeys 
kvpdvegqdkqkaidnvsakslepvtigsgtqikaqsikagnkvlphskvllltdgdltmpdmsgwtkedviafe 
nltnikvnlkgsgfvshqsiskgqkltekdkidvefssenvdsnstnnsdsnsddkkksdsktdkdksd 

>deaD (SEQ ID NO: 73) 

ATTCGCAAATTGCTTTATTGCGATTAAATTTTTTTGGTGGTACTATATAGAAGTTGATGAAATATTAATGAACTTATATG 
CAAAAG TAT ATTG AG AAAT AAACAGG T AAAAAGGAGAAT TATT T TG C AAAAT TT TAAAG AAC T AGGGAT T T C GG AT AATA 
CGGTTCAGTCACTTGAATCAATGGGATTTAAAGAGCCGACACCTATCCAAAAAGACAGTATCCCTTATGCGTTACAAGGA 
AT TGAT AT C C TTGGG CAAG CT C AAAC CGGTAC AGG TAAAAC AGG AG CATT CGG T ATT C CTT TAATTGAGAAAGTAG TAGG 
GAAACAAGGGGTT CAAT CGTTGATTTTAG CAC C TACAAGAG AAT TGG CAATGCAGGTAGCTGAACAATTAAGAGAATT 
GCCGTGGACAAGGTGTCCAAGTTGTTACTGTATTCGGTGGTATGCCTATCGAACGCCAAATTT^AAGCCTTGAAAAAAGGC 
CCACAAATCGTAGTCGGAACACCTGGGCGTGTTATCGACCATTTAAATCGTCGCACATTAAAAACGGACGGAATTCATAC 
TTTGAT TTTAGATGAAG CTG ATG AAATG ATG AATATGGG AT T CAT CGATG AT ATGAGAT T TAT TATGG AT AAAAT T C CAG 
CAGTACAACGTCAAACAATGTTGTTCTCAGCTACAATGCCTAAAGGAATCC^ 

CCAAAAATCATTAAGACAATGAATAATGAAATGTCTGATCCACAAATCGAAGAATTCTATACAATTGTTAAAGAATTAGA 
GAAATTTGATACATTTACAAATTTCCTAGATGTTCATCAACCTGAATTAGCAATCGTATTCGGACGTACAAAACGTCGTG 
TTGATGAATTAACAAGTGCTTTGATTTCTAAAGGATATAAAGCTGAAGGTTTACATGGTGATATTACACAAGCGAAACGT 
" TTAGAAG TAT TAAAG AAAT TTAAAAATG AC CAAATTAAT AT T TTAG T CG C TACTGATG T AG CAG CAAG AGGACTAG ATAT — 
TTCTGGTGTGAGTCATGTTTATAACTTTGATATACCTCAAGATACTGAAAGCTATACACACCGTATTGGTCGTACGGGTC 
GTGCTGGTAAAGAAGGTATCGCTGTAACGTTTGTTAATCCAATCGAAATGGATTATATCAGACAAATTGAAGATGCAAAC 
GGTAGAAAAATGAG TG CAC T T CG TCCAC CACAT CG TAAAGAAG T ACT T CAAG CA CGTGAAG ATGACAT CAAAGAAAAAG T 
TGAAAACTGGATGTCTAAAGAGTCAGAATCACGCTTGAAACGCATTTCTACAGAGTTGTTAAATGAATATAACGATGTTG 
AT TT AG TTG C TG CAC T T T TACAAGAG TTAG T AG AAG C AAACGATG AAGT T G AAG T T CAATTAAC T T T TG AAAAAC C ATTA 
TCTCGCAAAGGCCGTAACGGTAAACCAAGTGGTTCTCGTAACAGAAATAGTAAGCGTGGTAATCCTAAATTTGACAGTAA 
GAGTAAACG T T CAAAAGGATAC T CAAGTAAGAAG AAAAG T ACAAAAAAAT T CGAC CG TAAAG AGAAGAG CAG CGGTGG AA 
G CAGAC C TAT GAAAG G T CG CACATTTG C TGAC CAT CAAAAATAAT T TATAGATT AAGAG C T TAAAG ATG TAATG T C T 

->DeaD— <.SEQ-ID-NO.:_7-4.) 

NINELICKSILRNKQVKRRIILQNFKELGISDNTVQSLESMGFKEPTPIQKDSIPYALQGIDILGQAQTGTGKTG 
AFGIPLIEKWGKQGVQSLILAPTRELAMQVAEQLREFSRGQGVQVVTVFGGMPIERQIKALKKGPQIVVGTPGR 
VIDHIiNRRTLKTDGIHTLILDEADEMMNMGFIDDMRFIMDKIPAVQRQTMLFSATMPKAIQALVQQFMKSPKI IK 
TMNNEMSDPQIEEFYTIVKELEKFDTFTNFLDVHQPELAIVFGRTKRRVDELTSALISKGYKAEGLHGDITQAKR 
LEVLKKFKNDQINILVATDVAARGLDISGVSHVYNFDIPQDTESYTHRIGRTGRAGKEGIAVTFVNPIEMDYIRQ 
IEDANGRKMSALRPPHRKEVLQAREDDIKEKVENWMSKESESRLKRISTELLNEYNDVDLVAALLQELVEANDEV 
EVQLTFEKPLSRKGRNGKPSGSRNRNSKRGNPKFDSKSKRSKGYSSKKKSTKKFDRKEKSSGGSRPMKGRTFADH 
Q 
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[0057] The present invention further encompasses nucleic acid molecules of the 
present invention that are chemically synthesized, or reproduced as peptide nucleic acids 
(PNA), or according to other methods known in the art. The use of PNAs would serve as 
the preferred form if the nucleic acid molecules of the invention are incorporated onto a 
solid support, or gene chip. For the purposes of the present invention, a peptide nucleic 
acid (PNA) is a polyamide type of DNA analog and the monomeric units for adenine, 
guanine, thymine and cytosine are available commercially (Perceptive Biosystems). 
Certain components of DNA, such as phosphorus, phosphorus oxides, or deoxyribose 
derivatives, are not present in PNAs. For general review, see, e.g., P. E. Nielsen, M. 
Egholm, R. H. Berg and O. Buchardt, Science 254, 1497 (1991); and M. Egholm, O. 
Buchardt, L.Christensen, C. Behrens, S. M. Freier, D. A. Driver, R. H. Berg, S, K. Kim, B. 
Norden, and P. E. Nielsen, Nature 365, 666 (1993), hereby incorporated by reference 
herein. 

[0058] PNAs bind specifically and tightly to complementary DNA strands and are not 
degraded by nucleases. In fact, a PNA binds more strongly to DNA than does DNA itself. 
This is probably because there is no electrostatic repulsion between the two strands, and 
also the polyamide backbone is more flexible. Because of this, PNA/DNA duplexes bind 
under a wider range of stringency conditions than DNA/DNA duplexes, making it easier 
to perform multiplex hybridization. Smaller probes can be used than with DNA due to the 
strong binding. In addition, it is more likely that single base mismatches can be 
determined with PNA/DNA hybridization because a single mismatch in a PNA/DNA 15- 
mer Jowers the melting point (T m ) by 8°-20° C, vs. 4°-16° C for the DNA/DNA 15-mer 
duplex. Also, the absence of charge groups in PNA means that hybridization can be done 
at low ionic strengths and reduce possible interference by salt during the analysis. 
[0059] By "isolated" polynucleotide sequence is intended a nucleic acid molecule, 
DNA or RNA, which has been removed from its native environment. This includes 
segments of DNA comprising the S. aureus polynucleotides of the present invention 
"isolated fronr the _ native chromosome. Thesefragmentsinclude bo th isolated fragments- 
consisting only of S. aureus DNA and fragments comprising heterologous sequences such 
as vector sequences or other foreign DNA. For example, recombinant DNA molecules 
contained in a vector are considered isolated for the purposes of the present invention 
which may be partially or substantially purified to exclude RNA or heterologous DNA. 
Isolated polynucleotides may be at least 10%, 20%, 30%, 40%, 50%, 60%, 70%, 75%, 

27 



80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or 100% pure relative to heterologous 
polynucleotides (e.g., DNA or RNA) or relative to all materials and compounds other than 
the carrier solution. Further examples of isolated DNA molecules include recombinant 
DNA molecules introduced and maintained in heterologous host cells or purified (partially 
or substantially) DNA molecules in solution. Isolated RNA molecules include in vivo or 
in vitro RNA transcripts of the DNA molecules of the present invention. Isolated nucleic 
acid molecules according to the present invention further include such molecules produced 
synthetically which may be partially or substantially purified. The term "isolated" does 
not refer to genomic or cDNA libraries, whole cell mRNA preparations, genomic DNA 
digests (including those gel separated by electrophoresis), whole chromosomes, or sheared 
whole cell genomic DNA preparations or other compositions where the art demonstrates 
no distinguishing features of the polynucleotides sequences of the present invention. 
[0060] In addition, isolated nucleic acid molecules of the invention include DNA 
molecules which comprise a sequence substantially different from those described above 
but which, due to the degeneracy of the genetic code, still encode a S. aureus polypeptides 
and peptides of the present invention (e.g., polypeptides of Table 1). That is, all possible 
DNA sequences that encode the S. aureus polypeptides of the present invention. This 
includes the genetic code and species-specific codon preferences known in the art. Thus, 
it would be routine for one skilled in the art to generate the degenerate variants described 
above, for instance, to optimize codon expression for a particular host (e.g., change codons 
in the bacterial mRNA to those preferred by a mammalian or other bacterial host such as 
E. coli). 

[0061] The invention further provides isolated nucleic acid molecules having the 
nucleotide sequence shown in Table 1 or a nucleic acid molecule having a sequence 
complementary to one of the above sequences. Such isolated molecules, particularly DNA 
molecules, are useful as probes for gene mapping and for identifying S. aureus in a 
biological sample, for instance, by PCR or hybridization analysis (e.g., including, but not 
-limited-to,-Northern-blot-analysis); — In-specific embodimentsrthe-polynucleotides of the - 
present invention are less than 300kb, 200kb, lOOkb, 50kb, 10,kb, 7.5kb, 5kb, 2.5kb, and 
lkb. In another embodiment, the polynucleotides comprising the coding sequence for 
polypeptides of the present invention do not contain genomic flanking gene sequences or 
contain only genomic flanking gene sequences having regulatory control sequences for the 
said polynucleotides. 
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[0062] In further embodiments, polynucleotides of the invention comprise at least 15, 
at least 30, at least 50, at least 100, or at least 250, at least 500, or at least 1000 contiguous 
nucleotides comprising the coding sequence for polypeptides of the present invention, but 
consist of less than or equal to 1000 kb, 500 kb, 250 kb, 200 kb, 150 kb, 100 kb, 75 kb, 50 
kb, 30 kb, 25 kb, 20 kb, 15 kb, 10 kb, or 5 kb of genomic DNA that flanks the 5' or 3' 
coding nucleotide set forth in Table 1. In further embodiments, polynucleotides of the 
invention comprise at least 15, at least 30, at least 50, at least 100, or at least 250, at least 
500, or at least 1000 contiguous nucleotides comprising the coding sequence for 
polypeptides of the present invention. In another embodiment, the nucleic acid 
comprising coding sequence for polypeptides of the present invention does not contain 
coding sequences of a genomic flanking gene (i.e., 5* or 3' to the Table 1 sequences in the 
genome). In other embodiments, the polynucleotides of the invention do not contain the 
coding sequence of more than 1000, 500, 250, 100, 50, 25, 20, 15, 10, 5, 4, 3, 2, or 1 
genomic flanking gene(s). 

[0063] The present invention is further directed to nucleic acid molecules encoding 
portions or fragments of the nucleotide sequences described herein. Uses for the 
polynucleotide fragments of the present invention include, but are not limited to, probes, 
primers, molecular weight markers and expressing the polypeptide fragments of the 
present invention. Fragments include portions of the nucleotide sequences of Table 1 , at 
least 10 contiguous nucleotides in length selected from any two integers, one of which 
representing a 5' nucleotide position and a second of which representing a 3' nucleotide 
position, where the first nucleotide for each nucleotide sequence in Table 1 is position 1. 
That is, every combination of a 5' and 3 ! nucleotide position that a fragment at least 10 
contiguous nucleotides in length could occupy is included in the invention as an individual 
species. "At least" means a fragment may be 10 contiguous nucleotide bases in length or 
any integer between 10 and the length of an entire nucleotide sequence minus 1. 
Therefore, included in the invention are contiguous fragments specified by any 5' and 3' 
nucleotide ~base~positro^ 

fragment is any integer between 1 0 and the length of an entire nucleotide sequence minus 
1. 

[0064] The polynucleotide fragments specified by 5' and 3' positions can be 
immediately envisaged using the clone description and are therefore not individually listed 
solely for the purpose of not unnecessarily lengthening the specifications. 
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[0065] Although it is particularly pointed out that each of the above-described species 
may be included in or excluded from the present invention. The above species of 
polynucleotides fragments of the present invention may alternatively be described by the 
formula "a to b"; where "a" equals the 5* nucleotide position and "b" equals the 3* 
nucleotide position of the polynucleotide fragment, where "a" equals as integer between 1 
and the number of nucleotides of the polynucleotide sequence of the present invention 
minus 10, where "b" equals an integer between 10 and the number of nucleotides of the 
polynucleotide sequence of the present invention; and where "a" is an integer smaller than 
"b" by at least 10. 

[0066] Again, it is particularly pointed out that each species of the above formula may 
be specifically included in, or.excluded from, the present invention. 

[0067] Further, the invention includes polynucleotides comprising sub-genuses of 
fragments specified by size, in nucleotides, rather than by nucleotide positions. The 
invention includes any fragment size, in contiguous nucleotides, selected from integers 
between 10 and the length of an entire nucleotide sequence minus 1. Preferred sizes of 
contiguous nucleotide fragments include at least 20 nucleotides, at least 30 nucleotides, at 
least 40 nucleotides, at least 50 nucleotides, at least 60 nucleotides, at least 70 nucleotides, 
at least 80 nucleotides, at least 90 nucleotides, at least 100 nucleotides, at least 125 
nucleotides, at least 150 nucleotides, at least 175 nucleotides, at least 200 nucleotides, at 
least 250 nucleotides, at least 300 nucleotides, at least 350 nucleotides, at least 400 
nucleotides, at least 450 nucleotides, at least 500 nucleotides, at least 550 nucleotides, at 
least 600 nucleot ides , at least 650 nucle otides, at least 700 nucleotides, a t least 750 
nucleotides, at least 800 nucleotides, at least 850 nucleotides, at least 900 nucleotides, at 
least 950 nucleotides, at least 1000 nucleotides, at least 1050 nucleotides, at least 1100 
nucleotides, and at least 1150 nucleotides. Other preferred sizes of contiguous 
polynucleotide fragments, which may be useful as diagnostic probes and primers, include 
fragments 50-300 nucleotides in length which include, as discussed above, fragment sizes 
representing - each~integer"bet^ 

the present invention corresponding to most, if not all, of the polynucleotide sequences of 
the sequence listing, shown in Table 1 , or deposited clones. The preferred sizes are, of 
course, meant to exemplify not limit the present invention as all size fragments, 
representing any integer between 1 0 and the length of an entire nucleotide sequence minus 
1 of the sequence listing or deposited clones, may be specifically included in or excluded 
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from the invention. Additional preferred nucleic acid fragments of the present invention 
include nucleic acid molecules encoding epitope-bearing portions of the polypeptides 
(e.g., including but not limited to, nucleic acid molecules encoding epitope-bearing 
portions of the polypeptides which are shown in Table 4). 

[0068] In another aspect, the invention provides an isolated nucleic acid molecule 
comprising a polynucleotide which hybridizes under stringent hybridization conditions to 
a portion of a polynucleotide in a nucleic acid molecules of the invention described above, 
for instance; nucleotide sequences of Table 1. By "stringent hybridization conditions" is 
intended overnight incubation at 42°C in a solution comprising: 50% formamide, 5x SSC 
(750 mM NaCl, 75 mM trisodium citrate), 50 mM sodium phosphate (pH 7.6), 5x 
Denhardt's solution, 10% dextran sulfate, and 20 jag/ml denatured, sheared salmon sperm 
DNA, followed by washing the filters in O.lx SSC at about 65°C. Hybridizing 
polynucleotides are useful as diagnostic probes and primers as discussed above. Portions 
of a polynucleotide which hybridize to a nucleotide sequence in Table 1, which can be 
used as probes and primers, may be precisely specified by 5' and 3' base positions or by 
size in nucleotide bases as described above or precisely excluded in the same manner. 
Preferred hybridizing polynucleotides of the present invention are those that, when labeled 
and used in a hybridization assay known in the art (e.g., Southern and Northern blot 
analysis), display the greatest signal strength with the polynucleotides of Table 1 
regardless of other heterologous sequences present in equamolar amounts 
[0069] The nucleic acid molecules of the present invention, which encode a S. aureus 
polypeptide, may include, but are not limited to, nucleic acid molecules encoding the full- 
length S. aureus polypeptides of Table 1. Also included in the present invention are 
nucleic acids encoding the above full-length sequences and further comprise additional 
sequences, such as those encoding an added secretory leader sequence, such as a pre-, or 
pro- or prepro- protein sequence. Further included in the present invention are nucleic 
acids encoding the above full-length sequences and portions thereof and further comprise 

additional-heterologous-amino-aGid-sequenees-eneoded-by-nucleic-acid-sequences-from-a— 
different source. 

[0070] Also included in the present invention are nucleic acids encoding the above 
protein sequences together with additional, non-coding sequences, including for example, 
but not limited to non-coding 5' and 3' sequences. These sequences include transcribed, 
non-translated sequences that may play a role in transcription, and mRNA processing, for 
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example, ribosome binding and stability of mRNA. Also included in the present invention 
are additional coding sequences which provide additional functionalities. 
[0071] Thus, a nucleotide sequence encoding a polypeptide may be fused to a marker 
sequence, such as a sequence encoding a peptide which facilitates purification of the fused 
polypeptide. In certain preferred embodiments of this aspect of the invention, the marker 
amino acid sequence is a hexa-histidine peptide, such as the tag provided in a pQE vector 
(QIAGEN, Inc., 9259 Eton Avenue, Chatsworth, CA, 91311), among others, many of 
which are commercially available. For instance, hexa-histidine provides for convenient 
purification of the fusion protein. See Gentz et al. (1989) Proc. Natl. Acad. Sci. 86:821-24. 
The "HA" tag is another peptide useful for purification which corresponds to an epitope 
derived from the influenza hemagglutinin protein. See Wilson et al. (1984) Cell 37:767. 
As discussed below, other such fusion proteins include the S. aureus fused to Fc at the N- 
or C-terminus. 

Variant and Mutant Polynucleotides 

[0072] The present invention further relates to variants of the nucleic acid molecules 
which encode portions, analogs or derivatives of a S. aureus polypeptides of Table 1 , and 
variant polypeptides thereof including portions, analogs, and derivatives of the S. aureus 
polypeptides. Variants may occur naturally, such as a natural allelic variant. By an 
"allelic variant" is intended one of several alternate forms of a gene occupying a given 
locus on a chromosome of an organism. See, e.g., B. Lewin, Genes IV (1990). 
Non-naturally occurring variants may be produced using art-known mutagenesis 
techniques. 

[0073] Such nucleic acid variants include those produced by nucleotide substitutions, 
deletions, or additions. The substitutions, deletions, or additions may involve one or more 
nucleotides. The variants may be altered in coding regions, non-coding regions, or both. 
Alterations in the coding regions may produce conservative or non-conservative amino 
acid-substitutions, deletions or-additions: — Especially preferred among these _ are silent - 
substitutions, additions and deletions, which do not alter the properties and activities of a 
S. aureus protein of the present invention or portions thereof. Also preferred in this regard 
are conservative substitutions. 

[0074] Such polypeptide variants include those produced by amino acid substitutions, 
deletions or additions. The substitutions, deletions, or additions may involve one or more 
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residues. Alterations may produce conservative or non-conservative amino acid 
substitutions, deletions, or additions. Especially preferred among these are silent 
substitutions, additions and deletions, which do not alter the properties and activities of a 
S. aureus protein of the present invention or portions thereof. Also especially preferred in 
this regard are conservative substitutions. 

[0075] The present invention also relates to recombinant vectors, which include the 
isolated nucleic acid molecules of the present invention, and to host cells containing the 
recombinant vectors, as well as to methods of making such vectors and host cells and for 
using them for production of S. aureus polypeptides or peptides by recombinant 
techniques. 

[0076] The present application is directed to nucleic acid molecules at least 90%, 95%, 
96%, 97%, 98%, 99% or 100% identical to a nucleic acid sequence shown in Table 1. The 
above nucleic acid sequences are included irrespective of whether they encode a 
polypeptide having S. aureus activity. This is because even where a particular nucleic 
acid molecule does not encode a polypeptide having S. aureus activity, one of skill in the 
art would still know how to use the nucleic acid molecule, for instance, as a hybridization 
probe or primer. Uses of the nucleic acid molecules of the present invention that do not 
encode a polypeptide having S. aureus activity include, inter alia, isolating an S. aureus 
gene or allelic variants thereof from a DNA library, and detecting S. aureus mRNA 
expression in biological or environmental samples, suspected of containing S. aureus by 
hybridization analysis (e.g., including, but not limited to, Northern Blot analysis) or PCR. 
[0077] For example, one such method involves assaying for the expression of a 
polynucleotide encoding S. aureus polypeptides in a sample from an animal host (e.g, 
including, but not limited to, human, bovine, rabbit, porcine, murine, chicken, and/or avian 
species). The expression of polynucleotides can be assayed by detecting the nucleic acids 
of Table 1 . An example of such a method involves the use of the polymerase chain 
reaction (PCR) to amplify and detect Staphylococcus nucleic acid sequences in a 

biologicalor-environmentalsample: — 

[0078] The present invention also relates to nucleic acid probes having all or part of a 
nucleotide sequence described in Table 1 which are capable of hybridizing under stringent 
conditions to Staphylococcus nucleic acids. The invention further relates to a method of 
detecting one or more Staphylococcus nucleic acids in a biological sample obtained from 
an animal, said one or more nucleic acids encoding Staphylococcus polypeptides, 
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comprising: (a) contacting the sample with one or more of the above-described nucleic 
acid probes, under conditions such that hybridization occurs, and (b) detecting 
hybridization of said one or more probes to the Staphylococcus nucleic acid present in the 
biological sample. 

[0079] The invention also includes a kit for analyzing samples for the presence of 
members of the Staphylococcus genus in a biological or environmental sample. In a 
general embodiment, the kit includes at least one polynucleotide probe containing a 
nucleotide sequence that will specifically hybridize with a S. aureus nucleic acid molecule 
of Table 1 and a suitable container. In a specific embodiment, the kit includes two 
polynucleotide probes defining an internal region of the S. aureus nucleic acid molecule of 
Table 1, where each probe has one strand conta inin g a 3rmer-end internal to the region. 
In a further embodiment, the probes may be useful as primers for polymerase chain 
reaction amplification. 

[0080] The method(s) provided above may preferrably be applied in a diagnostic 
method and/or kits in which S. aureus polynucleotides of Table 1 are attached to a solid 
support. In one exemplary method, the support may be a "gene chip" or a "biological 
chip" as described in US Patents 5,837,832, 5,874,219, and 5,856,174. Further, such a 
gene chip with S. aureus polynucleotides of Table 1 attached may be used to diagnose S. 
aureus infection in an animal host, preferably a human. The US Patents referenced above 
are incorporated herein by reference in their entirety. 

[0081] The present invention is further directed to nucleic acid molecules having 
sequences at least 80%, 85%, 90%, 95%, 96%,J)7%, 98%, 99% or 100% identical to the 
nucleic acid sequence shown in Table 1 , which do, in fact, encode a polypeptide having S. 
aureus protein activity. By "a polypeptide having S. aureus activity" is intended 
polypeptides exhibiting activity similar, but not necessarily identical, to an activity of the 
S. aureus protein of the invention, as measured in a particular biological assay suitable for 
measuring activity of the specified protein. The biological activities of some of the 
polypeptides-o^the -present-invention-are-listed in^Fable T, after the name-of- the closest" 
homolog with similar activity. The biological activities were determined using methods 
known in the art for the particular biological activity listed. For the remaining 
polypeptides of Table 1, the assays known in the art to measure the activity of the 
polypeptides of Table 2, sharing a high degree of identity, may be used to measure the 
activity of the corresponding polypeptides of Table 1 . 
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[0082] Of course, due to the degeneracy of the genetic code, one of ordinary skill in 
the art will immediately recognize that a large number of the nucleic acid molecules 
having a sequence at least 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or 100% identical 
to the nucleic acid sequences shown in Table 1 will encode a polypeptide having 
biological activity. In fact, since degenerate variants of these nucleotide sequences all 
encode the same polypeptide, this will be clear to the skilled artisan even without 
performing the above described comparison assay. It will be further recognized in the art 
that, for such nucleic acid molecules that are not degenerate variants, a reasonable number 
will also encode a polypeptide having biological activity. This is because the skilled 
artisan is fully aware of amino acid substitutions that are either less likely or not likely to 
significantly effect protein function (e.g., replacing one aliphatic amino acid with a second 
aliphatic amino acid), as further described below. 

[0083] By a polynucleotide having a nucleotide sequence at least, for example, 95% 
"identical" to a reference nucleotide sequence of the present invention, it is intended that 
the nucleotide sequence of the polynucleotide is identical to the reference sequence except 
that the polynucleotide sequence may include up to five point mutations per each 100 
nucleotides of the reference nucleotide sequence encoding the S. aureus polypeptide. In 
other words, to obtain a polynucleotide having a nucleotide sequence at least 95% 
identical to a reference nucleotide sequence, up to 5% of the nucleotides in the reference 
sequence may be deleted, inserted, or substituted with another nucleotide. The query 
sequence may be an entire sequence shown in Table 1 , the ORF (open reading frame), or 
any jragment specified as described herein. 

[0084] Other methods of determining and defining whether any particular nucleic acid 
molecule or polypeptide is at least 90%, 95%, 96%, 97%, 98%, 99%, or 100% identical to 
a nucleotide sequence of the presence invention can be done by using known computer 
programs. A preferred method for determining the best overall match between a query 
sequence (a sequence of the present invention) and a subject sequence, also referred to as a 
'"~gtob'al~s'equen'ce~ali'gnm'ent~can~"b'e~ determined-using the-FASTDB computer program- 
based on the algorithm of Brutlag et al. See Brutlag et al. (1990) Comp. App. Biosci. 
6:237-245. In a sequence alignment the query and subject sequences are both DNA 
sequences. A RNA sequence can be compared by first converting U's to T's. The result 
of said global sequence alignment is in percent identity. Preferred parameters used in a 
FASTDB alignment of DNA sequences to calculate percent identity are: Matrix=Unitary, 
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k-tuple=4, Mismatch Penalty=l, Joining Penalty=30, Randomization Group Length=0, 
Cutoff Score=l, Gap Penalty=5 5 Gap Size Penalty 0.05 5 Window Size=500 or the length 
of the subject nucleotide sequence, whichever is shorter. 

[0085] If the subject sequence is shorter than the query sequence because of 5' or 3' 
deletions, not because of internal deletions, a manual correction must be made to the 
results. This is because the FASTDB program does not account for 5' and 3' truncations 
of the subject sequence when calculating percent identity. For subject sequences truncated 
at the 5' or 3' ends, relative to the query sequence, the percent identity is corrected by 
calculating the number of bases of the query sequence that are 5' and 3' of the subject 
sequence, which are not matched/aligned, as a percent of the total bases of the query 
sequence. Whether a nucleotide is matched/aligned is determined by results of the 
FASTDB sequence alignment. This percentage is then subtracted from the percent 
identity, calculated by the above FASTDB program using the specified parameters, to 
arrive at a final percent identity score. This corrected score is what is used for the 
purposes of the present invention. Only nucleotides outside the 5' and 3' nucleotides of 
the subject sequence, as displayed by the FASTDB alignment, which are not 
matched/aligned with the query sequence, are calculated for the purposes of manually 
adjusting the percent identity score. 

[0086] For example, a 90 nucleotide subject sequence is aligned to a 100 nucleotide 
query sequence to determine percent identity. The deletions occur at the 5' end of the 
subject sequence and therefore, the FASTDB alignment does not show a 
matched/alignment of the first 10 nucleotides at 5' end. The 10 unpaired nucleotides 
represent 10% of the sequence (number of nucleotides at the 5' and 3' ends not 
matched/total number of nucleotides in the query sequence) so 10% is subtracted from the 
percent identity score calculated by the FASTDB program. If the remaining 90 
nucleotides were perfectly matched the final percent identity would be 90%. In another 
example, a 90 nucleotide subject sequence is compared with a 100 nucleotide query 
sequence. This-time-the deletions are internal deletions so that there are no nucleotides on" 
the 5' or 3' of the subject sequence which are not matched/aligned with the query. In this 
case the percent identity calculated by FASTDB is not manually corrected. Once again, 
only nucleotides 5' and 3' of the subject sequence which are not matched/aligned with the 
query sequence are manually corrected for. No other manual corrections are made for the 
purposes of the present invention. 
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Vectors and Host Cell 

[0087] The present invention also relates to vectors which include the isolated DNA 
molecules of the present invention, host cells comprising the recombinant vectors, and the 
production of S. aureus polypeptides and peptides of the present invention expressed by 
the host cells. 

[0088] Recombinant constructs may be introduced into host cells using well-known 
techniques such as infection, transduction, transfection, transvection, electroporation and 
transformation. The vector may be, for example, a phage, plasmid, viral or retroviral 
vector. Retroviral vectors may be replication competent or replication defective. In the 
latter case, viral propagation generally will occur only in complementing host cells. 
[0089] The S. aureus polynucleotides may be joined to a vector containing a selectable 
marker for propagation in a host. Generally, a plasmid vector is introduced in a 
precipitate, such as a calcium phosphate precipitate, or in a complex with a charged lipid. 
If the vector is a virus, it may be packaged in vitro using an appropriate packaging cell line 
and then transduced into host cells. 

[0090] Preferred are vectors comprising c/s-acting control regions to the 
polynucleotide of interest. Appropriate trans-acting factors may be supplied by the host, 
supplied by a complementing vector or supplied by the vector itself upon introduction into 
the host. 

[0091] In certain preferred embodiments in this regard, the vectors provide for specific 
expression, which may be inducible and/or cell type-specific. Particularly preferred 
among such vectors are those inducible" by~ environmental factors that are easy to" 
manipulate, such as temperature and nutrient additives. 

[0092] Expression vectors useful in the present invention include chromosomal-, 
episomal- and virus-derived vectors, e.g., vectors derived from bacterial plasmids, 
bacteriophage, yeast episomes, yeast chromosomal elements, viruses such as 
baculoviruses, papova viruses, vaccinia viruses, adenoviruses, fowl pox viruses, 
pseudorabies viruses and retroviruses, and vectors derived from combinations thereof, 
such as cosmids and phagemids. 

[0093] The DNA insert should be operatively linked to an appropriate promoter, such 
as the phage lambda PL promoter, the E. coli lac, trp, phoA and tac promoters, the SV40 
early and late promoters and promoters of retroviral LTRs, to name a few. Other suitable 



55 



promoters will be known to the skilled artisan. The expression constructs will further 
contain sites for transcription initiation, termination and, in the transcribed region, a 
ribosome binding site for translation. The coding portion of the mature transcripts 
expressed by the constructs will preferably include a translation initiating site at the 
beginning and a termination codon (UAA, UGA or UAG) appropriately positioned at the 
end of the polypeptide to be translated. 

[0094] As indicated, the expression vectors will preferably include at least one 
selectable marker. Such markers include dihydrofolate reductase, G418 or neomycin 
resistance for eukaryotic cell culture and tetracycline, kanamycin, or ampicillin resistance 
genes for culturing in E. coli and other bacteria. Representative examples of appropriate 
hosts include, but are not limited to, bacterial cells, such as E. coli, Streptomyces and 
Salmonella typhimurium cells; fungal cells, such as yeast cells (e.g., Saccharomyces 
cerevisiae or Pichia pastoris (ATCC Accession No. 201178)); insect cells such as 
Drosophila S2 and Spodoptera Sf9 cells; animal cells such as CHO, COS and Bowes 
melanoma cells; and plant cells. Appropriate culture mediums and conditions for the 
above-described host cells are known in the art. 

[0095] Among vectors preferred for use in bacteria include pQE70 ? pQE60 and pQE9, 
pQElO available from Qiagen; pBS vectors, Phagescript vectors, Bluescript vectors, 
pNH8A, pNH16a, pNH18A, pNH46A available from Stratagene Cloning Systems, Inc.; 
pET series of vectors available from Novagen; and ptrc99a, pKK223-3, pKK233-3, 
pDR540, pRIT5 available from Pharmacia Biotech, Inc. Among preferred eukaryotic 
vectors are pWLNEO, pSV2CAT, pOG44, pXTr and pSG available from Stratagene; and 
pSVK3, pBPV, pMSG and pSVL available from Pharmacia. Preferred expression vectors 
for use in yeast systems include, but are not limited to pYES2, pYDl, pTEFl/Zeo, 
pYES2/GS, pPICZ, pGAPZ, pGAPZalph, pPIC9, pPIC3.5, pHIL-D2, pHIL-Sl, 
pPIC3.5K, pPIC9K, and PA0815 (all available from Invitrogen, Carlbad, CA). Other 
suitable vectors will be readily apparent to the skilled artisan. 

[0096] Among known bacterial promoters suitable for use in the present invention 
include the E. coli lad and lacZ promoters, the T3, T5 and T7 promoters, the gpt 
promoter, the lambda PR and PL promoters and the trp promoter. Suitable eukaryotic 
promoters include the CMV immediate early promoter, the HSV thymidine kinase 
promoter, the early and late SV40 promoters, the promoters of retroviral LTRs, such as 
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those of the Rous sarcoma virus (RSV), and metallothionein promoters, such as the mouse 
metallothionein-I promoter. 

[0097] Introduction of the construct into the host cell can be effected by competent 
cell transformation, calcium phosphate transfection, DEAE-dextran mediated transfection, 
cationic lipid-mediated transfection, electroporation, transduction, infection or other 
methods. Such methods are described in many standard laboratory manuals (for example, 
Davis, et aL, Basic Methods In Molecular Biology (1986)). )). It is specifically 
contemplated that the polypeptides of the present invention may in fact be expressed by a 
host cell lacking a recombinant vector. 

[0098] Transcription of DNA encoding the polypeptides of the present invention by 
higher eukaryotes may 'be "increased" "by inserting an enhancer sequence into the vector. 
Enhancers are c/s-acting elements of DNA, usually about from 10 to 300 nucleotides that 

if"""":} 

*% act to increase transcriptional activity of a promoter in a given host cell-type. Examples of 

*S enhancers include the SV40 enhancer, which is located on the late side of the replication 

ry 

\n origin at nucleotides 100 to 270, the cytomegalovirus early promoter enhancer, the 

!r !; polyoma enhancer on the late side of the replication origin, and adenovirus enhancers. 

[0099] For secretion of the translated polypeptide into the lumen of the endoplasmic 

s 

p reticulum, into the periplasmic space or into the extracellular environment, appropriate 

secretion signals may be incorporated into the expressed polypeptide, for example, the 

pi amino acid sequence KDEL. The signals may be endogenous to the polypeptide or they 

£t may be heterologous signals. 

— _ [0100] The polypeptide may be expressed in a modified form, such as a fusion protein, ~ 

and may include not only secretion signals, but also additional heterologous functional 
regions. For instance, a region of additional amino acids, particularly charged amino 
acids, may be added to the N-terminus of the polypeptide to improve stability and 
persistence in the host cell, during purification, or during subsequent handling and storage. 
Also, peptide moieties may be added to the polypeptide to facilitate purification. A 
preferred fusion protein comprises a Hexa-Histidine peptide fused inframe to the 
polypeptide of the invention. Such regions may be removed prior to final preparation of 
the polypeptide. The addition of peptide moieties to polypeptides to engender secretion or 
excretion, to improve stability and to facilitate purification, among others, are familiar and 
routine techniques in the art. A preferred fusion protein comprises a heterologous region 
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from immunoglobulin that is useful to solubilize proteins. For example, EP-A-O 464 533 
(Canadian counterpart 2045869) discloses fusion proteins comprising various portions of 
constant region of immunoglobulin molecules together with another human protein or part 
thereof. In many cases, the Fc part in a fusion protein is thoroughly advantageous for use 
in therapy and diagnosis and thus results, for example, in improved pharmacokinetic 
properties (EP-A 0232 262). On the other hand, for some uses it would be desirable to be 
able to delete the Fc part after the fusion protein has been expressed, detected and purified 
in the advantageous manner described. This is the case when Fc portion proves to be a 
hindrance to use in therapy and diagnosis, for example when the fusion protein is to be 
used as antigen for immunizations. In drug discovery, for example, human proteins, such 
as, hIL5-receptor has been fused with Fc portions for the purpose of high-throughput 
screening assays to identify antagonists of hIL-5. See Bennett, D. et al. (1995) J. Molec. 
Recogn. 8:52-58 and Johanson, K. et al. (1995) J. Biol. Chem. 270 (16):9459-9471. 
[0101] The S. aureus polypeptides can be recovered and purified from recombinant 
cell cultures by well-known methods including ammonium sulfate or ethanol precipitation, 
acid extraction, anion or cation exchange chromatography (e.g. a Nickel anion exchange 
column can be used to bind the Hexa-His tagged fusion protein), phosphocellulose 
chromatography, hydrophobic interaction chromatography, affinity chromatography, 
hydroxylapatite chromatography, lectin chromatography and high performance liquid 
chromatography ("HPLC") is employed for purification. Polypeptides of the present 
invention include naturally purified products, products of chemical synthetic procedures, 
and products produced by recombinant techniques from a" prbkaryotic or eukaryotic host, 
including, for example, bacterial, yeast, higher plant, insect and mammalian cells. 
[0102] Depending upon the host employed in a recombinant production procedure, the 
polypeptides of the present invention may be glycosylated or may be non-glycosylated. In 
addition, polypeptides of the invention may also include an initial modified methionine 
residue, in some cases as a result of host-mediated processes. Thus, it is well-known in 
the art that the N-terminal methionine encoded by the translation initiation codon 
generally is removed with high efficiency from any protein after translation in all 
eukaryotic cells. While the N-terminal methionine on most proteins also is efficiently 
removed in most prokaryotes, for some proteins, this prokaryotic removal process is 
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inefficient, depending on the nature of the amino acid to which the N-terminal methionine 
is covalently linked. 

[0103] In one embodiment, the yeast Pichia pastoris is used to express any plasma 
membrane associated protein of the invention in a eukaryotic system. Pichia pastoris is a 
methylotrophic yeast which can metabolize methanol as its sole carbon source. A main 
step in the methanol metabolization pathway is the oxidation of methanol to formaldehyde 
using O2. This reaction is catalyzed by the enzyme alcohol oxidase. In order to 
metabolize methanol as its sole carbon source, Pichia pastoris must generate high levels 
of alcohol oxidase due, in part, to the relatively low affinity of alcohol oxidase for O2. 
Consequently, in a growth medium depending on methanol as a main carbon source, the 
promoter region of one of the two alcohol oxidase genes (AOX1) is highly active. In the 
presence of methanol, alcohol oxidase produced from the AOX1 gene comprises up to 
approximately 30% of the total soluble protein in Pichia pastoris. See, Ellis, S.B., et al, 
Mol Cell Biol 5:1111-21 (1985); Koutz, P.J, et al, Yeast 5:167-77 (1989); Tschopp, J.F., 
et al, Nucl Acids Res. 15:3859-76 (1987). Thus, a heterologous coding sequence, such 
as, for example, a plasma membrane associated polynucleotide of the present invention, 
under the transcriptional regulation of all or part of the AOX1 regulatory sequence is 
expressed at exceptionally high levels in Pichia yeast grown in the presence of methanol. 
[0104] In one example, the plasmid vector pPIC9K is used to express DNA encoding a 
plasma membrane associated polypeptide of the invention, as set forth herein, in a Pichea 
yeast system essentially as described in "Pichia Protocols: Methods in Molecular 
Biology," D.R. Higgins and J. Cregg, eds. The Humana Press, Totowa, NJ, 1998. This 
expression vector allows expression and secretion of a plasma membrane associated 
protein of the invention by virtue of the strong AOX1 promoter linked to the Pichia 
pastoris alkaline phosphatase (PHO) secretory signal peptide (i.e., leader) located 
upstream of a inulfipl^clbning site^ 

[0105] Many other yeast vectors could be used in place of pPIC9K, such as, pYES2, 
pYDl, pTEFl/Zeo, pYES2/GS, pPICZ, pGAPZ, pGAPZalpha, pPIC9, pPIC3.5, pHIL-D2, 
pHIL-Sl, pPIC3.5K, and PA0815, as one skilled in the art would readily appreciate, as 
long as the proposed expression construct provides appropriately located signals for 
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transcription, translation, secretion (if desired), and the like, including an in-frame AUG as 
required. 

[0106] In another embodiment, high-level expression of a heterologous coding 
sequence, such as, for example, a plasma membrane associated polynucleotide of the 
present invention, may be achieved by cloning the heterologous polynucleotide of the 
invention into an expression vector such as, for example, pGAPZ or pGAPZalpha, and 
growing the yeast culture in the absence of methanol. 

[0107] In addition to encompassing host cells containing the vector constructs 
discussed herein, the invention also encompasses host cells that have been engineered to 
delete or replace endogenous genetic material (e.g. coding sequences for the polypeptides 
of the present invention), and/or to include genetic material (e.g. heterologous 
polynucleotide sequences) that is operably associated with polynucleotides of the present 
invention, and which activates, alters, and/or amplifies endogenous polynucleotides of the 
present invention. For example, techniques known in the art may be used to operably 
associate heterologous control regions (e.g. promoter and/or enhancer) and endogenous 
polynucleotide sequences via homologous recombination (see, e.g. U.S. Patent No. 
5,641,670, issued June 24, 1997; Internation Publication No. WO 96/29411, published 
September 26, 1996; International Publication No. WO 94/12650, published August 4, 
1994; Koller et al., Proc. Natl. Acad. Sci. USA 86:8932-8935 (1989); and Zijlstra, et al., 
Nature 342:435-438 (1989), the disclosures of each of which are hereby incorporated by 
reference in their entireties). 

[0108] In addition, polypeptides of the invention can be chemically synthesized using 
techniques known in the art (e.g., see Creighton, 1983, Proteins: Structures and Molecular 
Principles, W.H. Freeman & Co., N.Y., and Hunkapiller et al., Nature, 310:105-111 
(1984)). For example, a polypeptide corresponding to a fragment of a S. aureus 
polypeptide can be synthesized by use of a peptide synthesizer. Furthermore, if desired, 
nonclassi cal amino acids or chem ical amino acid analogs can be introduced as a 
substitution or addition into the polypeptide sequence. Non-classical amino acids include, 
but are not limited to, to the D-isomers of the common amino acids, 2,4-diaminobutyric 
acid, a-amino isobutyric acid, 4-aminobutyric acid, Abu, 2-amino butyric acid, g-Abu, 
e-Ahx, 6-amino hexanoic acid, Aib, 2-amino isobutyric acid, 3-amino propionic acid, 
ornithine, norleucine, norvaline, hydroxyproline, sarcosine, citrulline, homocitrulline, 
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cysteic acid, t-butylglycine, t-butylalanine, phenylglycine, cyclohexylalanine, b-alanine, 
fluoro-amino acids, designer amino acids such as b-methyl amino acids, Ca-methyl amino 
acids, Na-methyl amino acids, and amino acid analogs in general. Furthermore, the amino 
acid can be D (dextrorotary) or L (levorotary). 

[0109] Non-naturally occurring variants may be produced using art-known 
mutagenesis techniques, which include, but are not limited to oligonucleotide mediated 
mutagenesis, alanine scanning, PCR mutagenesis, site directed mutagenesis (see, e.g., 
Carter et al, Nucl. Acids Res. 75:4331 (1986); and Zoller et al, Nucl. Acids Res. 70:6487 
(1982)), cassette mutagenesis (see, e.g., Wells et al., Gene 34:315 (1985)), restriction 
selection mutagenesis (see, e.g., Wells et al, Philos. Trans. R. Soc. London SerA 37 7:415 
(1986)). 

[0110] The invention additionally, encompasses polypeptides of the present invention 
which are differentially modified during or after translation, such as for example, by 
glycosylation, acetylation, phosphorylation, amidation, derivatization by known 
protecting/blocking groups, proteolytic cleavage, linkage to an antibody molecule or other 
cellular ligand, etc. Any of numerous chemical modifications may be carried out by 
known techniques, including but not limited to specific chemical cleavage by cyanogen 
bromide, trypsin, chymotrypsin, papain, V8 protease, NaBI-Lt; acetylation, formylation, 
oxidation, reduction; metabolic synthesis in the presence of tunicamycin; etc. 
[0111] Additional post-translational modifications encompassed by the invention 
include, for example, N-linked or O-linked carbohydrate chains, processing of N-terminal 
or C-fermirial ends, attachment of chemicaTmoieties to the amino acid backbone, chemical - 
modifications of N-linked or O-linked carbohydrate chains, and addition or deletion of an 
N-terminal methionine residue as a result of alternative host cell expression. The 
polypeptides may also be modified with a detectable label, such as an enzymatic, 
fluorescent, isotopic or affinity label to allow for detection and isolation of the protein. 
[0112] Also provided by the invention are chemically modified derivatives of the 
polypeptides of the invention which may provide additional advantages such as increased 
solubility, stability and circulating time of the polypeptide, or decreased immunogenicity 
(see U.S. Patent No. 4,179,337). The chemical moieties for derivitization may be selected 
from water soluble polymers such as polyethylene glycol, ethylene glycol/propylene 
glycol copolymers, carboxymethylcellulose, dextran, polyvinyl alcohol and the like. The 
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polypeptides may be modified at random positions within the molecule, or at 
predetermined positions within the molecule and may include one, two, three or more 
attached chemical moieties. 

[0113] The polymer may be of any molecular weight, and may be branched or 
unbranched. For polyethylene glycol, the preferred molecular weight is between about 1 
kDa and about 1 00 kDa (the term "about" indicating that in preparations of polyethylene 
glycol, some molecules will weigh more, some less, than the stated molecular weight) for 
ease in handling and manufacturing. Other sizes may be used, depending on the desired 
therapeutic profile, which can include, for example, the duration of sustained release 
desired, the effects, if any on biological activity, the ease in handling, the degree or lack of 
antigenicity and other known effects of the polyethylene glycol to a therapeutic protein or 
analog. For example, the polyethylene glycol may have an average molecular weight of 
about 200, 500, 1000, 1500, 2000, 2500, 3000, 3500, 4000, 4500, 5000, 5500, 6000, 6500, 
7000, 7500, 8000, 8500, 9000, 9500, 10,000, 10,500, 11,000, 11,500, 12,000, 12,500, 
13,000, 13,500, 14,000, 14,500, 15,000, 15,500, 16,000, 16,500, 17,000, 17,500, 18,000, 
18,500, 19,000, 19,500, 20,000, 25,000, 30,000, 35,000, 40,000, 50,000, 55,000, 60,000, 
65,000, 70,000, 75,000, 80,000, 85,000, 90,000, 95,000, or 100,000 kDa. 
[0114] As noted above, the polyethylene glycol may have a branched structure. 
Branched polyethylene glycols are described, for example, in U.S. Patent No. 5,643,575; 
Morpurgo et al, Appl. Biochem. Biotechnol 56:59-72 (1996); Vorobjev et al, 
Nucleosides Nucleotides 75:2745-2750 (1999); and Caliceti et al, Bioconjug. Chem. 
70:638-646 (1999)7 the disclosures of each of which are incorporated herein by reference - 
in their entireties. 

[0115] The polyethylene glycol molecules (or other chemical moieties) should be 
attached to the protein with consideration of effects on functional or antigenic domains of 
the protein. There are a number of attachment methods available to those skilled in the 
art, e.g., EP 0 401 384, herein incorporated by reference (coupling PEG to G-CSF), see 
also Malik et al., Exp. Hematol. 20:1028-1035 (1992) (reporting pegylation of GM-CSF 
using tresyl chloride). For example, polyethylene glycol may be covalently bound through 
amino acid residues via a reactive group, such as, a free amino or carboxyl group. 
Reactive groups are those to which an activated polyethylene glycol molecule may be 
bound. The amino acid residues having a free amino group may include lysine residues 
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and the N-terminal amino acid residues; those having a free carboxyl group may include 
aspartic acid residues glutamic acid residues and the C-terminal amino acid residue. 
Sulfhydryl groups may also be used as a reactive group for attaching the polyethylene 
glycol molecules. Preferred for therapeutic purposes is attachment at an amino group, 
such as attachment at the N-terminus or lysine group. 

[0116] As suggested above, polyethylene glycol may be attached to proteins via 
linkage to any of a number of amino acid residues. For example, polyethylene glycol can 
be linked to a protein via covalent bonds to lysine, histidine, aspartic acid, glutamic acid, 
or cysteine residues. One or more reaction chemistries may be employed to attach 
polyethylene glycol to specific amino acid residues (e.g., lysine, histidine, aspartic acid, 
glutamic acid, or cysteine) of the protein or to more than one type of amino acid residue 
(e.g., lysine, histidine, aspartic acid, glutamic acid, cysteine and combinations thereof) of 
the protein. 

[0117] One may specifically desire proteins chemically modified at the N-terminus. 
Using polyethylene glycol as an illustration of the present composition, one may select 
from a variety of polyethylene glycol molecules (by molecular weight, branching, etc.), 
the proportion of polyethylene glycol molecules to protein (polypeptide) molecules in the 
reaction mix, the type of pegylation reaction to be performed, and the method of obtaining 
the selected N-terminally pegylated protein. The method of obtaining the N-terminally 
pegylated preparation (i.e., separating this moiety from other monopegylated moieties if 
necessary) may be by purification of the N-terminally pegylated material from a 
population of pegylated protein molecules. " Selective proteins chemically modified at the 
N-terminus modification may be accomplished by reductive alkylation which exploits 
differential reactivity of different types of primary amino groups (lysine versus the 
N-terminal) available for derivatization in a particular protein. Under the appropriate 
reaction conditions, substantially selective derivatization of the protein at the N-terminus 
with a carbonyl group containing polymer is achieved. 

[0118] As indicated above, pegylation of the proteins of the invention may be 
accomplished by any number of means. For example, polyethylene glycol may be 
attached to the protein either directly or by an intervening linker. Linkerless systems for 
attaching polyethylene glycol to proteins are described in Delgado et aL, Crit. Rev. Thera. 
Drug Carrier Sys, P:249-304 (1992); Francis et al, Intern. J. ofHematol 68\\-\% (1998); 
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U.S. Patent No. 4,002,531; U.S. Patent No. 5,349,052; WO 95/06058; and WO 98/32466, 
the disclosures of each of which are incorporated herein by reference. 
[0119] One system for attaching polyethylene glycol directly to amino acid residues of 
proteins without an intervening linker employs tresylated MPEG, which is produced by 
the modification of monmethoxy polyethylene glycol (MPEG) using tresylchloride 
(CISO2CH2CF3). Upon reaction of protein with tresylated MPEG, polyethylene glycol is 
directly attached to amine groups of the protein. Thus, the invention includes protein- 
polyethylene glycol conjugates produced by reacting proteins of the invention with a 
polyethylene glycol molecule having a 2,2,2-trifluoreothane sulphonyl group. 
[0120] Polyethylene glycol can also be attached to proteins using a number of 
different intervening linkers. For example, U.S. Patent No. 5,612,460, the entire 
disclosure of which is incorporated herein by reference, discloses urethane linkers for 
connecting polyethylene glycol to proteins. Protein-polyethylene glycol conjugates 
wherein the polyethylene glycol is attached to the protein by a linker can also be produced 
by reaction of proteins with compounds such as MPEG-succinimidylsuccinate, MPEG 
activated with l,r-carbonyldiimidazole, MPEG-2,4,5-trichloropenylcarbonate, MPEG-p- 
nitrophenolcarbonate, and various MPEG-succinate derivatives. A number additional 
polyethylene glycol derivatives and reaction chemistries for attaching polyethylene glycol 
to proteins are described in WO 98/32466, the entire disclosure of which is incorporated 
herein by reference. Pegylated protein products produced using the reaction chemistries 
set out herein are included within the scope of the invention. 

[0121] The number of polyethylene glycol moieties attached to each protein of the 
invention (i.e., the degree of substitution) may also vary. For example, the pegylated 
proteins of the invention may be linked, on average, to 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 12, 15, 
17, 20, or more polyethylene glycol molecules. Similarly, the average degree of 
substitution within ranges such as 1-3, 2-4, 3-5, 4-6, 5-7, 6-8, 7-9, 8-10, 9-11, 10-12, 11- 
13, 12-14, 1 3-15, 14 -16, 15 -17, 16-18, 17-19, or 18-20 polyethylene glycol moieties per 
protein molecule. Methods for determining the degree of substitution are discussed, for 
example, in Delgado et aL, Crit. Rev. Thera. Drug Carrier Sys. 9:249-304 (1992). 
[0122] The polypeptides of the invention may be in monomers or multimers (i.e., 
dimers, trimers, tetramers and higher multimers). Accordingly, the present invention 
relates to monomers and multimers of the polypeptides of the invention, their preparation, 
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and compositions (preferably, Therapeutics) containing them. In specific embodiments, 
the polypeptides of the invention are monomers, dimers, trimers or tetramers. In 
additional embodiments, the multimers of the invention are at least dimers, at least trimers, 
or at least tetramers. 

[0123] Multimers encompassed by the invention may be homomers or heteromers. As 
used herein, the term homomer, refers to a multimer containing polypeptides 
corresponding to only one of the amino acid sequences of Table 1 (including fragments, 
variants, splice variants, and fusion proteins, corresponding to these as described herein). 
These homomers may contain polypeptides having identical or different amino acid 
sequences. In a specific embodiment, a homomer of the invention is a multimer 
containing only polypeptides having an identical amino acid sequence. In another specific 
embodiment, a homomer of the invention is a multimer containing polypeptides having 
different amino acid sequences. In specific embodiments, the multimer of the invention is 
a homodimer (e.g., containing polypeptides having identical or different amino acid 
sequences) or a homotrimer (e.g., containing polypeptides having identical and/or different 
amino acid sequences). In additional embodiments, the homomeric multimer of the 
invention is at least a homodimer, at least a homotrimer, or at least a homotetramer. 
[0124] As used herein, the term heteromer refers to a multimer containing one or more 
heterologous polypeptides (i.e., polypeptides of different proteins) in addition to the 
polypeptides of the invention. In a specific embodiment, the multimer of the invention is a 
heterodimer, a heterotrimer, or a heterotetramer. In additional embodiments, the 
heteromeric multimer of the invention is at least a heterodimer, at least a heterotrimer, or 
at least a heterotetramer. 

[0125] Multimers of the invention may be the result of hydrophobic, hydrophilic, ionic 
and/or covalent associations and/or may be indirectly linked, by for example, liposome 
formation. Thus, in one embodiment, multimers of the invention, such as, for example, 
h omod i mers o r homo trimers, are formed when polypeptides of the invention contact one 
another in solution. In another embodiment, heteromultimers of the invention, such as, for 
example, heterotrimers or heterotetramers, are formed when polypeptides of the invention 
contact antibodies to the polypeptides of the invention (including antibodies to the 
heterologous polypeptide sequence in a fusion protein of the invention) in solution. In 
other embodiments, multimers of the invention are formed by covalent associations with 
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and/or between the polypeptides of the invention. Such covalent associations may involve 
one or more amino acid residues contained in the polypeptide sequence (e.g., the 
polypeptide sequences shown in Table 1). In one instance, the covalent associations are 
cross-linking between cysteine residues located within the polypeptide sequences which 
interact in the native (i.e., naturally occurring) polypeptide. In another instance, the 
covalent associations are the consequence of chemical or recombinant manipulation. 
Alternatively, such covalent associations may involve one or more amino acid residues 
contained in the heterologous polypeptide sequence in a fusion protein. In one example, 
covalent associations are between the heterologous sequence contained in a fusion protein 
of the invention (see, e.g., US Patent Number 5,478,925). In a specific example, the 
covalent associations are between the heterologous sequence contained in a Fc fusion 
protein of the invention (as described herein). In another specific example, covalent 
*JJ associations of fusion proteins of the invention are between heterologous polypeptide 

nil sequence from another protein that is capable of forming covalently associated multimers, 

S| such as for example, oseteoprotegerin (see, International Publication NO: WO 98/49305. 

fij the contents of which is incorporated herein incorporated by reference in its entirety). In 

another embodiment, two or more polypeptides of the invention are joined through peptide 
j-f linkers. Examples include those peptide linkers described in U.S. Pat. No. 5,073,627 

M: (incorporated herein by reference in its entirety). Proteins comprising multiple 

J2; polypeptides of the invention separated by peptide linkers may be produced using 

N : conventional recombinant DNA technology. 

[0126] Another method for preparing multimer polypeptides of the invention involves" 
use of polypeptides of the invention fused to a leucine zipper or isoleucine zipper 
polypeptide sequence. Leucine zipper and isoleucine zipper domains are polypeptides that 
promote multimerization of the proteins in which they are found. Leucine zippers were 
originally identified in several DNA-binding proteins (Landschulz et al., Science 
240:1759, (1988)), and have since been found in a variety of different proteins. Among 
the known leucine zippers are naturally occurring peptides and derivatives thereof that 
dimerize or trimerize. Examples of leucine zipper domains suitable for producing soluble 
multimeric proteins of the invention are those described in PCT application WO 94/10308, 
hereby incorporated by reference. Recombinant fusion proteins comprising a polypeptide 
of the invention fused to a polypeptide sequence that dimerizes or trimerizes in solution 
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are expressed in suitable host cells, and the resulting soluble multimeric fusion protein is 
recovered from the culture supernatant using techniques known in the art. 
[0127] Trimeric polypeptides of the invention may offer the advantage of enhanced 
biological activity. Preferred leucine zipper moieties and isoleucine moieties are those 
that preferentially form trimers. One example is a leucine zipper derived from lung 
surfactant protein D (SPD), as described in Hoppe et al. (FEBS Letters 344:1 91 5 (1994)) 
and in U.S. patent application Ser. No. 08/446,922, hereby incorporated by reference. 
Other peptides derived from naturally occurring trimeric proteins may be employed in 
preparing trimeric polypeptides of the invention. 

[0128] In another example, proteins of the invention are associated by interactions 
between Flag® polypeptide sequence contained in fusion proteins of the invention 
containing Flag® polypeptide seuqence. In a further embodiment, associations proteins of 
J the invention are associated by interactions between heterologous polypeptide sequence 

^ contained in Flag® fusion proteins of the invention and anti-Flag® antibody. 

Ull [0129] The multimers of the invention may be generated using chemical techniques 

Zl known in the art. For example, polypeptides desired to be contained in the multimers of 

^ the invention may be chemically cross-linked using linker molecules and linker molecule 

p. length optimization techniques known in the art (see, e.g., US Patent Number 5,478,925, 

which is incorporated herein by reference in its entirety). Additionally, multimers of the 
invention may be generated using techniques known in the art to form one or more inter- 
molecule cross-links between the cysteine residues located within the sequence of the 
—-—polypeptides desired to-be~contained~inthe~multimer~(see, e:g^~ US" Patent^Number 
5,478,925, which is incorporated herein by reference in its entirety). Further, polypeptides 
of the invention may be routinely modified by the addition of cysteine or biotin to the C- 
terminus or N-terminus of the polypeptide and techniques known in the art may be applied 
to generate multimers containing one or more of these modified polypeptides (see, e.g., 
US Patent Number 5,478,925, which is incorporated herein by reference in its entirety). 
Additionally, techniques known in the art may be applied to generate liposomes containing 
the polypeptide components desired to be contained in the multimer of the invention (see, 
e.g., US Patent Number 5,478,925, which is incorporated herein by reference in its 
entirety). 
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[0130] Alternatively, multimers of the invention may be generated using genetic 
engineering techniques known in the art. In one embodiment, polypeptides contained in 
multimers of the invention are produced recombinantly using fusion protein technology 
described herein or otherwise known in the art (see, e.g., US Patent Number 5,478,925, 
which is incorporated herein by reference in its entirety). In a specific embodiment, 
polynucleotides coding for a homodimer of the invention are generated by ligating a 
polynucleotide sequence encoding a polypeptide of the invention to a sequence encoding a 
linker polypeptide and then further to a synthetic polynucleotide encoding the translated 
product of the polypeptide in the reverse orientation from the original C-terminus to the N- 
terminus (lacking the leader sequence) (see, e.g., US Patent Number 5,478,925, which is 
incorporated herein by reference in its entirety). In another embodiment, recombinant 
techniques described herein or otherwise known in the art are applied to generate 
recombinant polypeptides of the invention which contain a transmembrane domain (or 
hyrophobic or signal peptide) and which can be incorporated by membrane reconstitution 
techniques into liposomes (see, e.g., US Patent Number 5,478,925, which is incorporated 
herein by reference in its entirety). 

Polypeptides and Fragments 

[0131] The invention further provides an isolated S. aureus polypeptide having an 
amino acid sequence in Table 1, or a peptide or polypeptide comprising a portion, 
fragment, variant or analog of the above polypeptides. 
~ [0132] In the present invention; a "polypeptide fragment" refers to a short amino acid 
sequence contained in any one of the polypeptide sequences shown in Table 1 or encoded 
by the DNA contained in the deposit. Protein fragments may be "free-standing," or 
comprised within a larger polypeptide of which the fragment forms a part or region, most 
preferably as a single continuous region. Representative examples of polypeptide 
fragments of the invention, include, for example, fragments from about amino acid 
number 1-20, 21-40, 41-60, 61-80, 81-100, 102-120, 121-140, 141-160, or 161 to the end 
of the coding region. Moreover, polypeptide fragments can be about 20, 30, 40, 50, 60, 
70, 80, 90, 100, 110, 120, 130, 140, or 150 amino acids in length. In this context "about" 
includes the particularly recited ranges, larger or smaller by several (5, 4, 3, 2, or 1) amino 
acids, at either extreme or at both extremes. 
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[0133] Preferred polypeptide fragments include the mature form. Further preferred 
polypeptide fragments include the mature form having a continuous series of deleted 
residues from the amino or the carboxy terminus, or both. For example, any number of 
amino acids, ranging from 1 -60, can be deleted from the amino terminus the mature form. 
Similarly, any number of amino acids, ranging from 1-30, can be deleted from the carboxy 
terminus of the mature form. Furthermore, any combination of the above amino and 
carboxy terminus deletions are preferred. Similarly, polynucleotide fragments encoding 
these polypeptide fragments are also preferred. 

[0134] Also preferred are polypeptide and polynucleotide fragments characterized by 
structural or functional domains, such as fragments that comprise alpha-helix and alpha- 
helix forming regions, beta-sheet and beta-sheet-forming regions, turn and turn-forming 
regions, coil and coil-forming regions, hydrophilic regions, hydrophobic regions, alpha 
amphipathic regions, beta amphipathic regions, flexible regions, surface-forming regions, 
substrate binding region, and high antigenic index regions. Polypeptide fragments of the 
sequences shown in Table 1 falling within conserved domains are specifically 
contemplated by the present invention. Moreover, polynucleotide fragments encoding 
these domains are also contemplated. 

[0135] Other preferred fragments are biologically active fragments. Biologically 
active fragments are those exhibiting activity similar, but not necessarily identical, to an 
activity of the polypeptide of the present invention. The biological activity of the 
fragments may include an improved desired activity, or a decreased undesirable activity. 

Variant and Mutant Polypeptides 

[0136] To improve or alter the characteristics of S. aureus polypeptides of the present 
invention, protein engineering may be employed. Recombinant DNA technology known 
to those skilled in the art can be used to create novel mutant proteins or muteins including 
single or multiple amino acid substitutions, deletions, additions, or fusion proteins. Such 
modified polypeptides can show, e.g., increased/decreased activity or increased/decreased 
stability. In addition, they may be purified in higher yields and show better solubility than 
the corresponding natural polypeptide, at least under certain purification and storage 
conditions. Further, the polypeptides of the present invention may be produced as 
multimers including dimers, trimers and tetramers. Multimerization may be facilitated by 
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linkers or recombinantly though fused heterologous polypeptides such as Fc regions. 
N-Terminal and C-Terminal Deletion Mutants 

[0137] It is known in the art that one or more amino acids may be deleted from the 
N-terminus or C-terminus without substantial loss of biological function. For instance, 
Ron et al. J. Biol. Chem., 268:2984-2988 (1993), reported modified KGF proteins that had 
heparin binding activity even if 3, 8, or 27 N-terminal amino acid residues were missing. 
Accordingly, the present invention provides polypeptides having one or more residues 
deleted from the amino terminus of the polypeptides shown in Table 1 . 
[0138] Similarly, many examples of biologically functional C-terminal deletion 
mutants are known. For instance, Interferon gamma shows up to ten times higher 
activities by deleting 8-10 amino acid residues from the carboxy terminus of the protein 
See, e.g., Dobeli, et al. (1988) J. Biotechnology 7:199-216. Accordingly, the present 
invention provides polypeptides having one or more residues from the carboxy terminus of 
the polypeptides shown in Table 1 . The invention also provides polypeptides having one 
or more amino acids deleted from both the amino and the carboxyl termini as described 
below. 

[0139] The polypeptide fragments of the present invention can be immediately 
envisaged using the above description and are therefore not individually listed solely for 
the purpose of not unnecessarily lengthening the specification. 

[0140] The present invention is further directed to polynucleotide encoding portions or 
fragments of the amino acid sequences described herein as welt as to portions or fragments 
of the isolated amino acid sequences described herein. Fragments include portions of the 
amino acid sequences of Table 1, at least 7 contiguous amino acid in length, selected from 
any two integers, one of which representing a N-terminal position. The first codon of the 
polypeptides of Table 1 is position 1 . Every combination of a N-terminal and C-terminal 
position that a fragment at least 7 contiguous amino acid residues in length could occupy, 
on any given amino acid sequence of Table 1 is included in the invention. At least means 
a fragment may be 7 contiguous amino acid residues in length or any integer between 7 
and the number of residues in a full-length amino acid sequence minus 1. Therefore, 
included in the invention are contiguous fragments specified by any N-terminal and C- 
terminal positions of amino acid sequence set forth in Table 1 wherein the contiguous 
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fragment is any integer between 7 and the number of residues in a full-length sequence 
minus 1. 

[0141] Further, the invention includes polypeptides comprising fragments specified by 
size, in amino acid residues, rather than by N-terminal and C-terminal positions. The 
invention includes any fragment size, in contiguous amino acid residues, selected from 
integers between 7 and the number of residues in a full-length sequence minus 1. 
Preferred sizes of contiguous polypeptide fragments include about 7 amino acid residues, 
about 10 amino acid residues, about 20 amino acid residues, about 30 amino acid residues, 
about 40 amino acid residues, about 50 amino acid residues, about 100 amino acid 
residues, about 200 amino acid residues, about 300 amino acid residues, and about 400 
amino acid residues. The preferred sizes are, of course, meant to exemplify, not limit, the 
present invention as all size fragments representing any integer between 7 and the number 
of residues in a full-length sequence minus 1 are included in the invention. The present 
invention also provides for the exclusion of any fragments specified by N-terminal and C- 
terminal positions or by size in amino acid residues as described above. Any number of 
fragments specified by N-terminal and C-terminal positions or by size in amino acid 
residues as described above may be excluded. 

[0142] Moreover, polypeptide fragments can be at least 10, 20, 30, 40, 50, 60, 70, 80, 
90, 100, 110, 120, 130, 140, 150, 175 or 200 amino acids in length. Polynucleotides 
encoding these polypeptides are also encompassed by the invention. In this context 
"about" includes the particularly recited ranges, larger or smaller by several (5, 4, 3, 2, or 
1 ) amino acids, at either extreme or at both extremes. 

[0143] The present invention further provides polypeptides having one or more 
residues deleted from the amino terminus of the amino acid sequence of a polypeptide 
disclosed herein (e.g., any polypeptide of Table 1). In particular, N-terminal deletions 
may be described by the general formula m-q, where q is a whole integer representing the 
total number of amino acid residues in a polypeptide of the invention (e.g., a polypeptide 
disclosed in Table 1), and m is defined as any integer ranging from 2 to q-6. 
Polynucleotides encoding these polypeptides are also encompassed by the invention. 
[0144] The present invention further provides polypeptides having one or more 
residues from the carboxy-terminus of the amino acid sequence of a polypeptide disclosed 
herein (e.g., a polypeptide disclosed in Table 1). In particular, C-terminal deletions may 
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be described by the general formula 1-n, where n is any whole integer ranging from 6 to q- 
1 , and where n corresponds to the position of amino acid residue in a polypeptide of the 
invention. Polynucleotides encoding these polypeptides are also encompassed by the 
invention. 

[0145] In addition, any of the above-described N- or C-terminal deletions can be 
combined to produce a N- and C-terminal deleted polypeptide. The invention also 
provides polypeptides having one or more amino acids deleted from both the amino and 
the carboxyl termini, which may be described generally as having residues m-n of a 
polypeptide encoded by a nucleotide sequence (e.g., including, but not limited to the 
preferred polypeptide disclosed in Table 1), or the cDNA contained in a deposited clone, 
and/or the complement thereof, where n and m are integers as described above. 
Polynucleotides encoding these polypeptides are also encompassed by the invention. 
[0146] The polypeptide fragments of the present invention can be immediately 
envisaged using the above description and are therefore not individually listed solely for 
the purpose of not unnecessarily lengthening the specification. 

[0147] The above fragments need not be active since they would be useful, for 
example, in immunoassays, in epitope mapping, epitope tagging, to generate antibodies to 
a particular portion of the polypeptide, as vaccines, and as molecular weight markers. 

Other Mutants 

[0148] In addition to N- and C-terminal deletion forms of the protein discussed above, 
it also will be recognized by one of ordinary skill in~the~ art that some amino acid 
sequences of the S. aureus polypeptides of the present invention can be varied without 
significant effect of the structure or function of the protein. If such differences in 
sequence are contemplated, it should be remembered that there will be critical areas on the 
protein which determine activity. 

[0149] Thus, the invention further includes variations of the S. aureus polypeptides 
which show substantial S. aureus polypeptide activity or which include regions of S, 
aureus protein such as the protein portions discussed below. Such mutants include 
deletions, insertions, inversions, repeats, and substitutions selected according to general 
rules known in the art so as to have little effect on activity. For example, guidance 
concerning how to make phenotypically silent amino acid substitutions is provided. There 
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are two main approaches for studying the tolerance of an amino acid sequence to change. 
See, Bowie, J. U. et al (1990), Science 247:1306-1310. The first method relies on the 
process of evolution, in which mutations are either accepted or rejected by natural 
selection. The second approach uses genetic engineering to introduce amino acid changes 
at specific positions of a cloned gene and selections or screens to identify sequences that 
maintain functionality. 

[0150] These studies have revealed that proteins are surprisingly tolerant of amino 
acid substitutions. The studies indicate which amino acid changes are likely to be 
permissive at a certain position of the protein. For example, most buried amino acid 
residues require nonpolar side chains, whereas few features of surface side chains are 
generally conserved. Other such phenotypically silent substitutions are described by 
Bowie et al. {supra) and the references cited therein. Typically seen as conservative 
substitutions are the replacements, one for another, among the aliphatic amino acids Ala, 
Val, Leu and He; interchange of the hydroxyl residues Ser and Thr, exchange of the acidic 
residues Asp and Glu, substitution between the amide residues Asn and Gin, exchange of 
the basic residues Lys and Arg and replacements among the aromatic residues Phe, Tyr. 
[0151] Thus, the fragment, derivative, analog, or homolog of the polypeptide of Table 
1 may be, for example: (i) one in which one or more of the amino acid residues are 
substituted with a conserved or non-conserved amino acid residue (preferably a conserved 
amino acid residue) and such substituted amino acid residue may or may not be one 
encoded by the genetic code: or (ii) one in which one or more of the amino acid residues 
includes" a substitueht group: or (iii) one in which the S. aureus polypeptide is fused" with 
another compound, such as a compound to increase the half-life of the polypeptide (for 
example, polyethylene glycol): or (iv) one in which the additional amino acids are fused to 
the above form of the polypeptide, such as an Hexa-Histidine tag peptide or leader or 
secretory sequence or a sequence which is employed for purification of the above form of 
the polypeptide or a proprotein sequence. Such fragments, derivatives and analogs are 
deemed to be within the scope of those skilled in the art from the teachings herein. 
[0152] Thus, the S. aureus polypeptides of the present invention may include one or 
more amino acid substitutions, deletions, or additions, either from natural mutations or 
human manipulation. As indicated, changes are preferably of a minor nature, such as 
conservative amino acid substitutions that do not significantly affect the folding or activity 
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of the protein (see Table 3). 

TABLE 3. Conservative Amino Acid Substitutions. 



Aromatic 


Phenylalanine 




Tryptophan 




Tyrosine 


Hydrophobic 


Leucine 




Isoleucine 




Valine 


Polar 


Glutamine 




Asparagine 


Basic 


Arginine 




Lysine 




Histidine 


Acidic 


Aspartic Acid 




Glutamic Acid 


Small 


Alanine 




Serine 




Threonine 




Methionine 




Glycine 



[0153] Amino acids in the S. aureus proteins of the present invention that are essential 

for function can be identified by methods known in the art, such as site-directed 

mutagenesis or alanine-scanning mutagenesis. See, e.g., Cunningham et al. (1989) 

Science 244:1081-1085. The latter procedure introduces single~alanine mutations afevery 

residue in the molecule. The resulting mutant molecules are then tested for biological 

activity using assays appropriate for measuring the function of the particular protein. 

[0154] Of special interest are substitutions of charged amino acids with other charged 

or neutral amino acids which may produce proteins with highly desirable improved 

characteristics, such as less aggregation. Aggregation may not only reduce activity but 
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also be problematic when preparing pharmaceutical formulations, because aggregates can 
be immunogenic. See, e.g., Pinckard et al., (1967) Clin. Exp. Immunol. 2:331-340; 
Robbins, et al., (1987) Diabetes 36:838-845; Cleland, et al., (1993) Crit. Rev. Therapeutic 
Drug Carrier Systems 10:307-377. 

[0155] The polypeptides of the present invention are preferably provided in an isolated 
form, and may partially or substantially purified. A recombinantly produced version of 
the S. aureus polypeptide can be substantially purified by the one-step method described 
by Smith et al. (1988) Gene 67:31-40. Polypeptides of the invention also can be purified 
from natural or recombinant sources using antibodies directed against the polypeptides of 
the invention in methods which are well-known in the art of protein purification. The 
purity of the polypeptide of the present invention may also specified in percent purity as 
relative to heterologous containing polypeptides. Preferred purities include at least 25%, 
50%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, 99.5%, 
99.75%, and 100% pure, as relative to heretologous containing polypeptides. 
[0156] The invention provides for isolated S. aureus proteins comprising, or 
alternati vely consisting of, polypeptides having an amino acid sequence selected from the 
group consisting of: (a) a full-length S. aureus polypeptide having the complete amino 
acid sequence shown in Table 1, (b) a full-length S. aureus polypeptide having the 
complete amino acid sequence shown in Table 1 excepting the N-terminal codon (e.g., 
including but not limited to, methionine, leucine, and/or valine), (c) an antigenic fragment 
of any of the polypeptides shown in Table 1, (d) a biologically active fragment of any of 
the : polypeptides shown in Table r, Xe) a polypeptide encoded by "any of the polynucleotide 
sequences shown in Table 1 , and (f) a polypeptide shown in Table 1 . The polypeptides of 
the present invention also include polypeptides having an amino acid sequence at least 
80% identical, more preferably at least 90% identical, and still more preferably 95%, 96%, 
97%, 98% or 99% identical to those described in (a), (b), (c), (d), (e) or (f) above. Further 
polypeptides of the present invention include polypeptides which have at least 90% 
similarity, more preferably at least 95% similarity, and still more preferably at least 96%, 
97%, 98% or 99% similarity to those described above. Polynucleotides encoding these 
polypeptides are also encompassed by the invention. 

[0157] A further embodiment of the invention relates to a polypeptide which 
comprises the amino acid sequence of a S. aureus polypeptide having an amino acid 
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sequence which contains at least one conservative amino acid substitution, but not more 
than 50 conservative amino acid substitutions, not more than 40 conservative amino acid 
substitutions, not more than 30 conservative amino acid substitutions, and not more than 
20 conservative amino acid substitutions. Also provided are polypeptides which comprise 
the amino acid sequence of a S. aureus polypeptide, having at least one, but not more than 
10, 9, 8, 7, 6, 5, 4, 3, 2 or 1 conservative amino acid substitutions. 

[0158] By a polypeptide having an amino acid sequence at least, for example, 95% 
"identical" to a query amino acid sequence of the present invention, it is intended that the 
amino acid sequence of the subject polypeptide is identical to the query sequence except 
that the subject polypeptide sequence may include up to five amino acid alterations per 
each 100 amino acids of the query amino acid sequence. In other words, to obtain a 
polypeptide having an amino acid sequence at least 95% identical to a query amino acid 
sequence, up to 5% (5 of 100) of the amino acid residues in the subject sequence may be 
inserted, deleted, (indels) or substituted with another amino acid. These alterations of the 
reference sequence may occur at the amino or carboxy terminal positions of the reference 
amino acid sequence or anywhere between those terminal positions, interspersed either 
individually among residues in the reference sequence or in one or more contiguous 
groups within the reference sequence. 

[0159] As a practical matter, whether any particular polypeptide is at least 80%, 85%, 
90%, 95%, 96%, 97%, 98% or 99% identical to, for instance, the amino acid sequences 
shown in Table 1 , or a fragment thereof, can be determined conventionally using known 
computer programs." "A preferred method for determining best overall match between a~ 
query sequence (a sequence of the present invention) and a subject sequence, also referred 
to as a global sequence alignment, can be determined using the FASTDB computer 
program based on the algorithm of Brutlag et aL, (1990) Comp. App. Biosci. 6:237-245. 
In a sequence alignment the query and subject sequences are both amino acid sequences. 
The result of said global sequence alignment is in percent identity. Preferred parameters 
used in a FASTDB amino acid alignment are: Matrix=PAM 0, k-tuple=2, Mismatch 
Penalty^l, Joining Penalty=20, Randomization Group Length=0, Cutoff Score=l, 
Window Size=sequence length, Gap Penalty=5, Gap Size Penalty=0.05, Window 
Size=500 or the length of the subject amino acid sequence, whichever is shorter. 
[0160] If the subject sequence is shorter than the query sequence due to N- or C- 
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terminal deletions, not because of internal deletions, the results, in percent identity, must 
be manually corrected. This is because the FASTDB program does not account for N- and 
C-terminal truncations of the subject sequence when calculating global percent identity. 
For subject sequences truncated at the N- and C-termini, relative to the query sequence, 
the percent identity is corrected by calculating the number of residues of the query 
sequence that are N- and C-terminal of the subject sequence, which are not 
matched/aligned with a corresponding subject residue, as a percent of the total bases of the 
query sequence. Whether a residue is matched/aligned is determined by results of the 
FASTDB sequence alignment. This percentage is then subtracted from the percent 
identity, calculated by the above FASTDB program using the specified parameters, to 
arrive at a final percent identity score. This final percent identity score is what is used for 
the purposes of the present invention. Only residues to the N- and C-termini of the subject 
sequence, which are not matched/aligned with the query sequence, are considered for the 
purposes of manually adjusting the percent identity score. That is, only query amino acid 
residues outside the farthest N- and C-terminal residues of the subject sequence. 
[0161] For example, a 90 amino acid residue subject sequence is aligned with a 100 
residue query sequence to determine percent identity. The deletion occurs at the N- 
terminus of the subject sequence and therefore, the FASTDB alignment does not 
match/align with the first 10 residues at the N-terminus. The 10 unpaired residues 
represent 10% of the sequence (number of residues at the N- and C- termini not 
matched/total number of residues in the query sequence) so 10% is subtracted from the 
percent identity score calculated by the FASTDB program. If the remaining 90 residues— 
were perfectly matched the final percent identity would be 90%. In another example, a 90 
residue subject sequence is compared with a 100 residue query sequence. This time the 
deletions are internal so there are no residues at the N- or C-termini of the subject 
sequence which are not matched/aligned with the query. In this case the percent identity 
calculated by FASTDB is not manually corrected. Once again, only residue positions 
outside the N- and C-terminal ends of the subject sequence, as displayed in the FASTDB 
alignment, which are not matched/aligned with the query sequence are manually corrected. 
No other manual corrections are to be made for the purposes of the present invention. 
[0162] The above polypeptide sequences are included irrespective of whether they 
have their normal biological activity. This is because even where a particular polypeptide 
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molecule does not have biological activity, one of skill in the art would still know how to 
use the polypeptide, for instance, as a vaccine or to generate antibodies. Other uses of the 
polypeptides of the present invention that do not have S. aureus activity include, inter alia, 
as epitope tags, in epitope mapping, and as molecular weight markers on SDS-PAGE gels 
or on molecular sieve gel filtration columns using methods known to those of skill in the 
art. 

[0163] As described below, the polypeptides of the present invention can also be used 
to raise polyclonal and monoclonal antibodies, which are useful in assays for detecting S. 
aureus protein expression or as agonists and antagonists capable of enhancing or 
inhibiting S. aureus protein function. Further, such polypeptides can be used in the yeast 
two-hybrid system to "capture" S. aureus protein binding proteins which are also 
candidate agonists and antagonists according to the present invention. See, e.g., Fields et 
al. (1989) Nature 340:245-246. 

[0164] The present invention encompasses polypeptides comprising, or alternatively 
consisting of, an epitope of the polypeptide having an amino acid sequence in Table 1, or 
encoded by a polynucleotide that hybridizes to the complement of a nucleotide sequence 
shown in Table 1 under stringent hybridization conditions or alternatively, lower 
stringency hybridization conditions as defined supra. The present invention further 
encompasses polynucleotide sequences encoding an epitope of a polypeptide sequence of 
the invention (such as, for example, a nucleotide sequence disclosed in Table 1), 
polynucleotide sequences of the complementary strand of a polynucleotide sequence 
encoding an epitope of the invention, ^d polynucleotide sequences which hybridize to the 
complementary strand under stringent hybridization conditions or lower stringency 
hybridization conditions defined supra. 

[0165] The term "epitopes," as used herein, refers to portions of a polypeptide having 
antigenic or immunogenic activity in an animal, preferably a mammal, and most 
preferably in a human. In a preferred embodiment, the present invention encompasses a 
polypeptide comprising an epitope, as well as the polynucleotide encoding this 
polypeptide. An "immunogenic epitope," as used herein, is defined as a portion of a 
protein that elicits an antibody response in an animal, as determined by any method known 
in the art, for example, by the methods for generating antibodies described infra. (See, for 
example, Geysen et al., Proc. Natl. Acad. Sci. USA 81:3998- 4002 (1983)). The term 
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"antigenic epitope/' as used herein, is defined as a portion of a protein to which an 
antibody can immunospecifically bind its antigen as determined by any method well 
known in the art, for example, by the immunoassays described herein. Immunospecific 
binding excludes non-specific binding but does not necessarily exclude cross-reactivity 
with other antigens. Antigenic epitopes need not necessarily be immunogenic. 
[0166] Fragments which function as epitopes may be produced by any conventional 
means. (See, e.g., Houghten, Proc. Natl. Acad. Sci. USA 82:5131-5135 (1985), further 
described in U.S. Patent No. 4,631,21 1). 

[0167] In the present invention, antigenic epitopes preferably contain a sequence of at 
least 4, at least 5, at least 6, at least 7, more preferably at least 8, at least 9, at least 10, at 
least 1 1, at least 12, at least 13, at least 14, at least 15, at least 20, at least 25, at least 30, 
at least 40, at least 50, and, most preferably, between about 15 to about 30 amino acids. 
Preferred polypeptides comprising immunogenic or antigenic epitopes are at least 10, 15, 
20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, or 100 amino acid residues in 
length. Additional non-exclusive preferred antigenic epitopes include the antigenic 
epitopes disclosed herein, as well as portions thereof. Antigenic epitopes are useful, for 
example, to raise antibodies, including monoclonal antibodies that specifically bind the 
epitope. Preferred antigenic epitopes include the antigenic epitopes disclosed herein, as 
well as any combination of two, three, four, five or more of these antigenic epitopes. 
Antigenic epitopes can be used as the target molecules in immunoassays. (See, for 
instance, Wilson et al., Cell 37:767-778 (1984); Sutcliffe et aL, Science 219:660-666 
(1983)): — 
[0168] Similarly, immunogenic epitopes can be used, for example, to induce 
antibodies according to methods well known in the art. (See, for instance, Sutcliffe et al., 
supra; Wilson et al., supra; Chow et al., Proc. Natl. Acad. Sci. USA 82:910-914; and Bittle 
et al., J. Gen. Virol. 66:2347-2354 (1985). Preferred immunogenic epitopes include the 
immun ogenic epitopes disclosed herein, as well as any combination of two, three, four, 
five or more of these immunogenic epitopes. The polypeptides comprising one or more 
immunogenic epitopes may be presented for eliciting an antibody response together with a 
carrier protein, such as an albumin, to an animal system (such as rabbit or mouse), or, if 
the polypeptide is of sufficient length (at least about 25 amino acids), the polypeptide may 
be presented without a carrier. However, immunogenic epitopes comprising as few as 8 to 
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10 amino acids have been shown to be sufficient to raise antibodies capable of binding to, 
at the very least, linear epitopes in a denatured polypeptide (e.g., in Western blotting). 
[0169] Epitope-bearing polypeptides of the present invention may be used to induce 
antibodies according to methods well known in the art including, but not limited to, in 
vivo immunization, in vitro immunization, and phage display methods. See, e.g., Sutcliffe 
et aL, supra; Wilson et al., supra, and Bittle et al., J. Gen. Virol., 66:2347-2354 (1985). If 
in vivo immunization is used, animals may be immunized with free peptide; however, 
anti-peptide antibody titer may be boosted by coupling the peptide to a macromolecular 
carrier, such as keyhole limpet hemacyanin (KLH) or tetanus toxoid. For instance, 
peptides containing cysteine residues may be coupled to a carrier using a linker such as 
maleimidobenzoyl- N-hydroxysuccinimide ester (MBS), while other peptides may be 
coupled to carriers using a more general linking agent such as glutaraldehyde. Animals 
such as rabbits, rats and mice are immunized with either free or carrier- coupled peptides, 
for instance, by intraperitoneal and/or intradermal injection of emulsions containing about 
100 ng of peptide or carrier protein and Freund's adjuvant or any other adjuvant known for 
stimulating an immune response. Several booster injections may be needed, for instance, 
at intervals of about two weeks, to provide a useful titer of anti-peptide antibody which 
can be detected, for example, by ELISA assay using free peptide adsorbed to a solid 
surface. The titer of anti-peptide antibodies in serum from an immunized animal may be 
increased by selection of anti-peptide antibodies, for instance, by adsorption to the peptide 
on a solid support and elution of the selected antibodies according to methods well known 

in the art. - ~ — — 

[0170] As one of skill in the art will appreciate, and as discussed above, the 
polypeptides of the present invention comprising an immunogenic or antigenic epitope can 
be fused to other polypeptide sequences. For example, the polypeptides of the present 
invention may be fused with the constant domain of immunoglobulins (IgA, IgE, IgG, 
IgM), or portions thereof (CHI, CH2, CH3, or any combination thereof and portions 
thereof) resulting in chimeric polypeptides. Such fusion proteins may facilitate 
purification and may increase half-life in vivo. This has been shown for chimeric proteins 
consisting of the first two domains of the human CD4-polypeptide and various domains of 
the constant regions of the heavy or light chains of mammalian immunoglobulins. See 
e.g., EP 394,827; Traunecker et al., Nature, 331:84-86 (1988). Enhanced delivery of an 
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antigen across the epithelial barrier to the immune system has been demonstrated for 
antigens (e.g., insulin) conjugated to an FcRn binding partner such as IgG or Fc fragments 
(see, e.g., PCT Publications WO 96/22024 and WO 99/04813). IgG Fusion proteins that 
have a disulfide-linked dimeric structure due to the IgG portion disulfide bonds have also 
been found to be more efficient in binding and neutralizing other molecules than 
monomeric polypeptides or fragments thereof alone. See e.g., Fountoulakis et al., J. 
Biochem., 270:3958-3964 (1995). Nucleic acids encoding the above epitopes can also be 
recombined with a gene of interest as an epitope tag (e.g., the hemagglutinin ("HA") tag or 
flag tag) to aid in detection and purification of the expressed polypeptide. For example, a 
system described by Janknecht et al. allows for the ready purification of non-denatured 
fusion proteins expressed in human cell lines (Janknecht et al., 1991, Proc. Natl. Acad. 
Sci. USA 88:8972- 897). In this system, the gene of interest is subcloned into a vaccinia 
recombination plasmid such that the open reading frame of the gene is translationally 
fused to an amino-terminal tag consisting of six histidine residues. The tag serves as a 
matrix-binding domain for the fusion protein. Extracts from cells infected with the 
recombinant vaccinia virus are loaded onto Ni 2+ nitriloacetic acid-agarose column and 
histidine-tagged proteins can be selectively eluted with imidazole-containing buffers. 
[0171] Additional fusion proteins of the invention may be generated through the 
techniques of gene-shuffling, motif-shuffling, exon-shuffling, and/or codon-shuffling 
(collectively referred to as "DNA shuffling"). DNA shuffling may be employed to 
modulate the activities of polypeptides of the invention, such methods can be used to 
generate polypeptides' with" altered activity, as well as agonists and~antagonists of the 
polypeptides. See, generally, U.S. Patent Nos. 5,605,793; 5,811,238; 5,830,721; 
5,834,252; and 5,837,458, and Patten et al., Curr. Opinion Biotechnol. 8:724-33 (1997); 
Harayama, Trends Biotechnol. 16(2):76-82 (1998); Hansson, et al., J. Mol. Biol. 287:265- 
76 (1999); and Lorenzo and Blasco, Biotechniques 24(2):308- 13 (1998) (each of these 
patents and publications are incorporated herein by reference in its entirety). In one 
embodiment, alteration of polynucleotides corresponding to those shown in Table 1 and 
the polypeptides encoded by these polynucleotides may be achieved by DNA shuffling. 
DNA shuffling involves the assembly of two or more DNA segments by homologous or 
site-specific recombination to generate variation in the polynucleotide sequence. In 
another embodiment, polynucleotides of the invention, or the encoded polypeptides, may 



81 



be altered by being subjected to random mutagenesis by error-prone PCR, random 
nucleotide insertion or other methods prior to recombination. In another embodiment, one 
or more components, motifs, sections, parts, domains, fragments, etc., of a polynucleotide 
encoding a polypeptide of the invention may be recombined with one or more 
components, motifs, sections, parts, domains, fragments, etc. of one or more heterologous 
molecules. 

[0172] Predicted antigenic epitopes are shown in Table 4, below. It is pointed out that 
Table 4 only lists amino acid residues comprising epitopes predicted to have the highest 
degree of antigenicity by a particular algorithm. The polypeptides not listed in Table 4 and 
portions of polypeptides not listed in Table 4 are not considered non-antigenic. This is 
because they may still be antigenic in vivo but merely not recognized as such by the 
particular algorithm used. Thus, Table 4 lists the amino acids residues comprising only 
preferred antigenic epitopes, not a complete list. In fact, all fragments of the polypeptide 
sequence of Table 1, at least 7 amino acid residues in length, are included in the present 
invention as being useful in epitope mapping and in making antibodies to particular 
portions of the polypeptides. Moreover, Table 4 lists only the critical residues of the 
epitopes determined by the Jameson- Wolf analysis. Thus, additional flanking residues on 
either the N-terminal, C-terminal, or both N- and C- terminal ends may be added to the 
sequences of Table 4 to generate an epitope-bearing protion a least 7 residues in length. 
Amino acid residues comprising other antigenic epitopes may be determined by 
algorithms similar to the Jameson- Wolf analysis or by in vivo testing for an antigenic 
fespbns^using the methods described herein or those known in the art. ~~ 
[0173] Non-limiting examples of antigenic polypeptides or peptides that can be used 
to generate an Staphylococcal-specific immune response or antibodies include fragments 
of the amino acid sequences of Table 1 as discussed above. Table 4 discloses a list of non- 
limiting residues that are involved in the antigenicity of the epitope-bearing fragments of 
the present invention. Therefore, also included in the present inventions are isolated and 
purified antigenic epitope-bearing fragments of the polypeptides of the present invention 
comprising a peptide sequences of Table 4. The antigenic epitope-bearing fragments 
comprising a peptide sequence of Table 4 preferably contain between 7 to 50 amino acids 
(i.e. any integer between 7 and 50) of a polypeptide of the present invention. Also, 
included in the present invention are antigenic polypeptides between the integers of 7 and 
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the fall length sequence of a polypeptide of Table 1 comprising 1 or more amino acid 
sequences of Table 4. Therefore, in most cases, the polypeptides of Table 4 make up only 
a portion of the antigenic polypeptide. All combinations of sequences between the 
integers of 7 and the full sequence of a polypeptide sequence of Table 1 are included. The 
antigenic epitope-bearing fragments may be specified by either the number of contiguous 
amino acid residues or by specific N-terminal and C-terminal positions as described above 
for the polypeptide fragments of the present invention, wherein the first codon of each 
polypeptide sequence of Table 1 is position 1. Any number of the described antigenic 
epitope-bearing fragments of the present invention may also be excluded from the present 
invention in the same manner. 

Antibodies 

[0174] Further polypeptides of the invention relate to antibodies and T-cell antigen 
receptors (TCR) which immunospecifically bind a polypeptide, polypeptide fragment, or 
variant of any one of the polypeptide sequences in Table 1, and/or an epitope, of the 
present invention (as determined by immunoassays well-known in the art for assaying 
specific antibody-antigen binding). Antibodies of the invention include, but are not 
limited to, polyclonal, monoclonal, multispecific, human, humanized or chimeric 
antibodies, single chain antibodies, Fab fragments, F(ab') fragments, fragments produced 
by a Fab expression library, anti-idiotypic (anti-Id) antibodies (including, e.g., anti-Id 
antibodies to antibodies of the invention), and epitope-binding fragments of any of the 
above. The term~"antibody," as^ used herein, refers to immunoglobulin" molecules and - 
immunologically active portions of immunoglobulin molecules, i.e., molecules that 
contain an antigen binding site that immunospecifically binds an antigen. The 
immunoglobulin molecules of the invention can be of any type (e.g., IgG, IgE, IgM, IgD, 
IgA and IgY), class (e.g., IgGl, IgG2, IgG3, IgG4, IgAl and IgA2) or subclass of 
immunoglobulin molecule. In a specific embodiment, the immunoglobulin molecules of 
the invention are IgGl. In another specific embodiment, the immunoglobulin molecules of 
the invention are IgG4. 

[0175] Most preferably the antibodies are human antigen-binding antibody fragments 
of the present invention and include, but are not limited to, Fab, Fab' and F(ab')2, Fd, 
single-chain Fvs (scFv), single-chain antibodies, disulfide-linked Fvs (sdFv) and 
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fragments comprising either a VL or VH domain. Antigen-binding antibody fragments, 
including single-chain antibodies, may comprise the variable region(s) alone or in 
combination with the entirety or a portion of the following: hinge region, CHI, CH2, and 
CH3 domains. Also included in the invention are antigen-binding fragments also 
comprising any combination of variable region(s) with a hinge region, CHI, CH2, and 
CH3 domains. The antibodies of the invention may be from any animal origin including 
birds and mammals. Preferably, the antibodies are human, murine (e.g., mouse and rat), 
donkey, ship rabbit, goat, guinea pig, camel, horse, or chicken. As used herein, "human" 
antibodies include antibodies having the amino acid sequence of a human immunoglobulin 
and include antibodies isolated from human immunoglobulin libraries or from animals 
transgenic for one or more human immunoglobulin and that do not express endogenous 
immunoglobulins, as described infra and, for example in, U.S. Patent No. 5,939,598 by 
Kucherlapati et al. 

[0176] The antibodies of the present invention may be monospecific, bispecific, 
trispecific or of greater multispecificity. Multispecific antibodies may be specific for 
different epitopes of a polypeptide of the present invention or may be specific for both a 
polypeptide of the present invention as well as for a heterologous epitope, such as a 
heterologous polypeptide or solid support material. See, e.g., PCT publications WO 
93/17715; WO 92/08802; WO 91/00360; WO 92/05793; Tutt, et al., J. Immunol. 147:60- 
69 (1991); U.S. Patent Nos. 4,474,893; 4,714,681; 4,925,648; 5,573,920; 5,601,819; 
Kostelny et al., J. Immunol. 148:1547-1553 (1992). 

[0177] Antibodies of the present invention may be described or specified in terms of ~ 
the epitope(s) or portion(s) of a polypeptide of the present invention which they recognize 
or specifically bind. The epitope(s) or polypeptide portion(s) may be specified as 
described herein, e.g., by N-terminal and C-terminal positions, by size in contiguous 
amino acid residues, or listed in the Table 4 below. Preferred epitopes of the invention 
include the predicted antigenic epitopes shown in Table 4, below. It is pointed out that 
Table 4 only lists amino acid residues comprising epitopes predicted to have the highest 
degree of antigenicity by particular algorithm. The polypeptides not listed in Table 4 and 
portions of polypeptides not listed in Table 4 are not considered non-antigenic. This is 
because they may still be antigenic in vivo but merely not recognized as such by the 
particular algorithm used. Thus, Table 4 lists the amino acid residues comprising only 
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preferred antigenic epitopes, not a complete list. In fact, all fragments of the polypeptide 
sequence of Table 1 , at least 7 amino acids residues in length, are included in the present 
invention as being useful in epitope mapping and in making antibodies to particular 
portions of the polypeptides. Moreover, Table 4 lists only the critical residues of the 
epitopes determined by the Jameson- Wolf analysis. Thus, additional flanking residues on 
either the N-terminal, C-terminal, or both N- and C-terminal ends may be added to the 
sequences of Table 4 to generate a epitope-bearing portion at least 7 residues in length. 
Amino acid residues comprising other antigenic epitopes may be determined by 
algorithms similar to the Jameson- Wolf analysis or by in vivo testing for an antigenic 
response using the methods described herein or those known in the art. 



TABLE 4. 


Residues Comprising Antigenic Epitoes 


HGSOlOMurC 


from about Gly-1 37 to about Lys-139, from about Lys-236 to 
about Asp-239. 


HGS027 Rfl 


from about Asn-106 to about Lys-109, from about Glu-191 to 
about Gly-1 94, from about Arg-227 to about Ala-23 1 . 


HGSG38 NusA 


from about Lys-39 to about Asp-42, from about Pro- 170 to about 
Lys-173, from about Thr-302 to about GIn-304. 


HGS041 NadE 


from about Lys-173 to about Asp- 176, from about Lys-189 to 
aboutGly-192, from about Lys-273 to about Arg-275. 


HGS042 TrxB 


from about Lys-192 to about Asp- 194, from about Lys-210 to 
about Gly-2 12. 


HGS043 FemD/GlmM 


from about Arg-29 to about Gly-31, from about Pro-210 to about 
GIy-212, from about Asn-305 to about Thr-307. 


HGS044 GlmU 


from about Asp-261 to about Thr-263, from about Asp-390 to 
about Asn-393, from about Arg-452 to about Gly-454. 


HGS045 CoADR 


from about Thr-377 to about Asn-379. 


HGS046SVR 


from-about-Tyr-89-to-about Ser-92. - 


HGS050 MurF 


from about Asp-258 to about Thr-262. 


HGS053 Ribosomal Protein SI 5 


from about Arg-53 to about Gly-55. 


HGS057 Ribosomal Protein S9 


from about Arg-7 to about Thr-9, from about Arg-11 to about 
Lys-13, from about Lys-58 to about Asn-60. 


HGS059 Ribosomal Protein S14 


from about Pro-40 to about Asp-42. 


HGS060 Ribosomal Protein SI 9 


from about Asp-53 to about Arg-55. 


HGS064 YycF 


from about Asp-34 to about Asn-36, from about Gly-58 to about 
Asp-60. 


_ HGS063 


from about Asp-27 to about Thr-31, from about Tyr-52 to about 
Gly-54, from about Glu-104 to about Gly-1 09, from about Gin-™ 
196 to about Asp-202. 


HGS067 


from about Pro-27 to about Asp-29, from about Pro-236 to about 
Lys-238. 


HGS068 


from about Pro-221 to about Lys-223. 


HGS069 


from about Pro- 180 to about Asp- 182. 


HGS071 DdlA 


from about Asn-45 to about Asp-48, from about Ser-82 to about 
Ser-84, from about Lys-249 to about Gly-255, from about Lys- 
350 to about Tyr-353. 
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HGS072 IspA 


from about Asp-88 to about Asp-91, from about Arg-93 to about 
Gly-95, from about Asn-240 to about Ser-243. 


HGS073 IspB 


from about Lys-44 to about GIy-47. 


HGS075 YycG 


from about Tyr-140 to about Gly-143, from about Ser-221 to 
about Asn-224, from about Ser-506 to about Asp-509. 


Pbpl 


from about Glu-64 to about Gly-66, from about Asp-70 to about 
Asn-72, from about Arg-140 to about Gly-142, from about Pro- 
172 to about Gly-174, from about Pro-234 to about Asp-238, 
from about Glu-292 to about Gly-294, from about Pro-312 to 
about Ser-3 14, from about Lys-337 to about Gly-339. 


DeaD 


from about Asn-380 to about Arg-382, from about Arg-462 to 
about Asn-466, from about Asn-474 to about Gly-480, from 
about Asp-485 to about Tyr-494, from about Lys-509 to about 
Gly-513. 



[0178] These polypeptide fragments have been determined to bear antigenic epitopes 
of the S. aureus proteins shown in Table 1 by the analysis of the Jameson- Wolf antigenic 
index. Antibodies which specifically bind any epitope or polypeptide of the present 
invention may also be excluded. Therefore, the present invention includes antibodies that 
specifically bind polypeptides of the present invention, and allows for the exclusion of the 
same. 

[0179] Antibodies of the present invention may also be described or specified in terms 
of their cross-reactivity. Antibodies that do not bind any other analog, ortholog, or 
homolog of a polypeptide of the present invention are included. Antibodies that bind 
polypeptides with at least 95%, at least 90%, at least 85%, at least 80%, at least 75%, at 
least 70%, at least 65%, at least 60%, at least 55%, and at least 50% identity (as calculated 
using methods known in the art and described herein) to ^polypeptide of the present 
invention are also included in the present invention. In specific embodiments, antibodies 
of the present invention cross-react with murine, rat and/or rabbit homologs of human 
proteins and the corresponding epitopes thereof Antibodies that do not bind polypeptides 
with less than 95%, less than 90%, less than 85%, less than 80%, less than 75%, less than 
70%, Je^_than _65%, l_e^ Jhan_JW^ 5 0% i dentity ( as 

calculated using methods known in the art and described herein) to a polypeptide of the 
present invention are also included in the present invention. In a specific embodiment, 
the above-described cross-reactivity is with respect to any single specific antigenic or 
immunogenic polypeptide, or combination(s) of 2, 3, 4, 5, or more of the specific antigenic 
and/or immunogenic polypeptides disclosed herein. Further included in the present 
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invention are antibodies which bind polypeptides encoded by polynucleotides which 
hybridize to a polynucleotide of the present invention under stringent hybridization 
conditions (as described herein). Antibodies of the present invention may also be 
described or specified in terms of their binding affinity to a polypeptide of the invention. 
Preferred binding affinities include those with a dissociation constant or Kd less than 5 X 
10 -2 M, 10" 2 M ; 5X 10" 3 M, 10 -3 M ? 5X 10 -4 M, 10 -4 M, 5 X 10' 5 M, 10" 5 M, 5 X 10" 6 M, 
10 _6 M, 5 X 10* 7 M, 10 7 M, 5 X 10" 8 M, 10" 8 M, 5 X 10~ 9 M, 10 -9 M,5X 10' 10 M, 10" 10 M, 5 
X 10" 11 M, 10 -11 M,5X 10" 12 M, 10-12 M,5X 10" 13 M, 10' 13 M,5X 10" 14 M, 10* 14 M,5X 
10~ 15 M, or 10" 15 M. 

[0180] The invention also provides antibodies that competitively inhibit binding of an 
antibody to an epitope of the invention as determined by any method known in the art for 
determining competitive binding, for example, the immunoassays described herein. In 
preferred embodiments, the antibody competitively inhibits binding to the epitope by at 
least 95%, at least 90%, at least 85 %, at least 80%, at least 75%, at least 70%, at least 
60%, or at least 50%. 

[0181] Antibodies of the present invention may act as agonists or antagonists of the 
polypeptides of the present invention. For example, the present invention includes 
antibodies which disrupt the receptor/ligand interactions with the polypeptides of the 
invention either partially or fully. Preferrably, antibodies of the present invention bind an 
antigenic epitope disclosed herein, or a portion thereof. The invention features both 
receptor-specific antibodies and ligand-specific antibodies. The invention also features 
receptor-specific antibodies which do not prevent ligand binding ~but prevent receptor 
activation. Receptor activation (i.e., signaling) may be determined by techniques 
described herein or otherwise known in the art. For example, receptor activation can be 
determined by detecting the phosphorylation (e.g., tyrosine or serine/threonine) of the 
receptor or its substrate by immunoprecipitation followed by western blot analysis (for 
example, as described supra). In specific embodiments, antibodies are provided that 
inhibit ligand activity or receptor activity by at least 95%, at least 90%, at least 85%, at 
least 80%, at least 75%, at least 70%, at least 60%, or at least 50% of the activity in 
absence of the antibody. 

[0182] The invention also features receptor-specific antibodies which both prevent 
ligand binding and receptor activation as well as antibodies that recognize the receptor- 
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ligand complex, and, preferably, do not specifically recognize the unbound receptor or the 
unbound ligand. Likewise, included in the invention are neutralizing antibodies which 
bind the ligand and prevent binding of the ligand to the receptor, as well as antibodies 
which bind the ligand, thereby preventing receptor activation, but do not prevent the 
ligand from binding the receptor. Further included in the invention are antibodies which 
activate the receptor. These antibodies may act as receptor agonists, i.e., potentiate or 
activate either all or a subset of the biological activities of the ligand-mediated receptor 
activation, for example, by inducing dimerization of the receptor. The antibodies may be 
specified as agonists, antagonists or inverse agonists for biological activities comprising 
the specific biological activities of the peptides of the invention disclosed herein. The 
above antibody agonists can be made using methods known in the art! See, e.g., PCT 
publication WO 96/40281; U.S. Patent No. 5,81 1,097; Deng et aL, Blood 92(6): 1981 -1988 
(1998); Chen et al., Cancer Res. 58(16):3668-3678 (1998); Harrop et aL, J. Immunol. 
16 1(4): 1786-1794 (1998); Zhu et al., Cancer Res. 58(15):3209-3214 (1998); Yoon et al., 
J. Immunol. 160(7):3 170-3 179 (1998); Prat et al., J. Cell. Sci. 1 1 l(Pt2):237-247 (1998); 
Pitard et al., J. Immunol. Methods 205(2): 177- 190 (1997); Liautard et al., Cytokine 
^ 9(4):233-241 (1997); Carlson et aL, J. Biol. Chem. 272(17):1 1295-1 1301 (1997); Taryman 

h et al., Neuron 14(4):755-762 (1995); Muller et al., Structure 6(9): 1 1 53-1 1 67 (1998); 

rT Bartunek et al., Cytokine 8(1): 14-20 (1996) (which are all incorporated by reference 

O herein in their entireties). 

jL& [0183J Antibodies of the present invention may be used, for example, but not limited 

_ __ to, to purify " detectrand target the polypeptides of the present invention, including both in~ 
vitro and in vivo diagnostic and therapeutic methods. For example, the antibodies have use 
in immunoassays for qualitatively and quantitatively measuring levels of the polypeptides 
of the present invention in biological samples. See, e.g., Harlow et al., Antibodies: A 
Laboratory Manual, (Cold Spring Harbor Laboratory Press, 2nd ed. 1988) (incorporated 
by reference herein in its entirety). 

[0184] As discussed in more detail below, the antibodies of the present invention may 
be used either alone or in combination with other compositions. The antibodies may 
further be recombinantly fused to a heterologous polypeptide at the N- or C-terminus or 
chemically conjugated (including covalently and non-covalently conjugations) to 
polypeptides or other compositions. For example, antibodies of the present invention may 
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be recombinantly fused or conjugated to molecules useful as labels in detection assays and 
effector molecules such as heterologous polypeptides, drugs, radionuclides, or toxins. See, 
e.g., PCT publications WO 92/08495; WO 91/14438; WO 89/12624; U.S. Patent No. 
5,314,995; and EP 396,387. 

[0185] The antibodies of the invention include derivatives that are modified, i.e, by the 
covalent attachment of any type of molecule to the antibody such that covalent attachment 
does not prevent the antibody from generating an anti-idiotypic response. For example, 
but not by way of limitation, the antibody derivatives include antibodies that have been 
modified, e.g., by glycosylation, acetylation, pegylation, phosphylation, amidation, 
derivatization by known protecting/blocking groups, proteolytic cleavage, linkage to a 
cellular ligand or other protein, etc. Any of numerous chemical modifications may be 
carried out by known techniques, including, but not limited to specific chemical cleavage, 
acetylation, formylation, metabolic synthesis of tunicamycin, etc. Additionally, the 
derivative may contain one or more non-classical amino acids. 

[0186] The antibodies of the present invention may be generated by any suitable 
method known in the art. Polyclonal antibodies to an antigen-of- 'interest can be produced 
by various procedures well known in the art. For example, a polypeptide of the invention 
can be administered to various host animals including, but not limited to, rabbits, mice, 
rats, etc. to induce the production of sera containing polyclonal antibodies specific for the 
antigen. Various adjuvants may be used to increase the immunological response, 
depending on the host species, and include but are not limited to, Freund's (complete and 
incomplete)" mineral gels such as aluminum hydroxide, surface active substances such as 
lysolecithin, pluronic polyols, polyanions, peptides, oil emulsions, keyhole limpet 
hemocyanins, dinitrophenol, and potentially useful human adjuvants such as BCG (bacille 
Calmette-Guerin) and corynebacterium parvum. Such adjuvants are also well known in 
the art. 

[0187] Monoclonal antibodies can be prepared using a wide variety of techniques 
known in the art including the use of hybridoma, recombinant, and phage display 
technologies, or a combination thereof. For example, monoclonal antibodies can be 
produced using hybridoma techniques including those known in the art and taught, for 
example, in Harlow et al., Antibodies: A Laboratory Manual, (Cold Spring Harbor 
Laboratory Press, 2nd ed. 1988); Hammerling, et al., in: Monoclonal Antibodies and T- 
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Cell Hybridomas 563-681 (Elsevier, N.Y. ? 1981) (said references incorporated by 
reference in their entireties). The term "monoclonal antibody" as used herein is not 
limited to antibodies produced through hybridoma technology. The term "monoclonal 
antibody" refers to an antibody that is derived from a single clone, including any 
eukaryotic, prokaryotic, or phage clone, and not the method by which it is produced. 
[0188] Methods for producing and screening for specific antibodies using hybridoma 
technology are routine and well known in the art and are discussed in detail in the 
Examples. In a non-limiting example, mice can be immunized with a polypeptide of the 
invention or a cell expressing such peptide. Once an immune response is detected, e.g., 
antibodies specific for the antigen are detected in the mouse serum, the mouse spleen is 
harvested and splenocytes isolated. The splenocytes are then fused by well-known 
techniques to any suitable myeloma cells, for example cells from cell line SP20 available 
from the ATCC. Hybridomas are selected and cloned by limited dilution. The hybridoma 
clones are then assayed by methods known in the art for cells that secrete antibodies 
capable of binding a polypeptide of the invention. Ascites fluid, which generally contains 
high levels of antibodies, can be generated by immunizing mice with positive hybridoma 
clones. 

[0189] Accordingly, the present invention provides methods of generating monoclonal 
antibodies as well as antibodies produced by the method comprising culturing a 
hybridoma cell secreting an antibody of the invention wherein, preferably, the hybridoma 
is generated by fusing splenocytes isolated from a mouse immunized with an antigen of 
the invention with "myeloma cells and then screening the hybridomas resulting from" the 
fusion for hybridoma clones that secrete an antibody able to bind a polypeptide of the 
invention. 

[0190] Antibody fragments which recognize specific epitopes may be generated by 
known techniques. For example, Fab and F(ab')2 fragments of the invention may be 
produced by proteolytic cleavage of immunoglobulin molecules, using enzymes such as 
papain (to produce Fab fragments) or pepsin (to produce F(ab')2 fragments). F(ab')2 
fragments contain the variable region, the light chain constant region and the CHI domain 
of the heavy chain. 

[0191] For example, the antibodies of the present invention can also be generated 
using various phage display methods known in the art. In phage display methods, 
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functional antibody domains are displayed on the surface of phage particles which carry 
the polynucleotide sequences encoding them. In a particular embodiment, such phage can 
be utilized to display antigen-binding domains expressed from a repertoire or 
combinatorial antibody library (e.g., human or murine). Phage expressing an antigen 
binding domain that binds the antigen of interest can be selected or identified with antigen, 
e.g., using labeled antigen or antigen bound or captured to a solid surface or bead. Phage 
used in these methods are typically filamentous phage including fd and Ml 3 binding 
domains expressed from phage with Fab, Fv or disulfide stabilized Fv antibody domains 
recombinantly fused to either the phage gene III or gene VIII protein. Examples of phage 
display methods that can be used to make the antibodies of the present invention include 
those disclosed in Brinkman et al., J. Immunol. Methods 182:41-50 (1995); Ames et aL, J. 
Immunol. Methods 184:177-186 (1995); Kettleborough et al., Eur. J. Immunol. 24:952- 
958 (1994); Persic et al., Gene 187 9-18 (1997); Burton et al., Advances in Immunology 
57:191-280 (1994); PCT application No. PCT/GB9 1/01 134; PCT publications WO 
90/02809; WO 91/10737; WO 92/01047; WO 92/18619; WO 93/11236; WO 95/15982; 
WO 95/20401; and U.S. Patent Nos. 5,698,426; 5,223,409; 5,403,484: 5,580,717; 
5,427,908; 5,750,753; 5,821,047; 5,571,698; 5,427,908; 5,516,637; 5,780,225; 5,658,727; 
5,733,743 and 5,969,108; each of which is incorporated herein by reference in its entirety. 
[0192] As described in the above references, after phage selection, the antibody coding 
regions from the phage can be isolated and used to generate whole antibodies, including 
human antibodies, or any other desired antigen binding fragment, and expressed in any 
desired host, "including "mammalian cells, insect cellsrplant cellsr yeast, and bacteria, e.g., 
as described in detail below. For example, techniques to recombinantly produce Fab, Fab' 
and F(ab')2 fragments can also be employed using methods known in the art such as those 
disclosed in PCT publication WO 92/22324; Mullinax et al., BioTechniques 12(6):864- 
869 (1992); and Sawai et al., AJRI 34:26-34 (1995); and Better et aL, Science 240:1041- 
1043 (1988) (said references incorporated by reference in their entireties). 
[0193] Examples of techniques which can be used to produce single-chain Fvs and 
antibodies include those described in U.S. Patents 4,946,778 and 5,258,498; Huston et al., 
Methods in Enzymology 203:46-88 (1991); Shu et al., PNAS 90:7995-7999 (1993); and 
Skerra et al., Science 240:1038-1040 (1988). For some uses, including in vivo use of 
antibodies in humans and in vitro detection assays, it may be preferable to use chimeric, 
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humanized, or human antibodies. A chimeric antibody is a molecule in which different 
portions of the antibody are derived from different animal species, such as antibodies 
having a variable region derived from a murine monoclonal antibody and a human 
immunoglobulin constant region. Methods for producing chimeric antibodies are known 
in the art. See e.g., Morrison, Science 229:1202 (1985); Oi et aL, BioTechniques 4:214 
(1986); Gillies et al., (1989) J. Immunol. Methods 125:191-202; U.S. Patent Nos. 
5,807,715; 4,816,567; and 4,816397, which are incorporated herein by reference in their 
entirety. Humanized antibodies are antibody molecules from non-human species 
antibody that binds the desired antigen having one or more complementarity determining 
regions (CDRs) from the non-human species and a framework region from a human 
immunoglobulin molecule. Often, framework residues in the human framework regions 
will be substituted with the corresponding residue from the CDR donor antibody to alter, 
preferably improve, antigen binding. These framework substitutions are identified by 
methods well-known in the art, e.g., by modeling of the interactions of the CDR and 
framework residues to identify framework residues important for antigen binding and 
sequence comparison to identify unusual framework residues at particular positions. (See, 
e.g., Queen et aL, U.S. Patent No. 5,585,089; Riechmann et al., Nature 332:323 (1988), 
which are incorporated herein by reference in their entireties.) Antibodies can be 
humanized using a variety of techniques known in the art including, for example, CDR- 
grafting (EP 239,400; PCT publication WO 91/09967; U.S. Patent Nos. 5,225,539; 
5,530,101; and 5,585,089), veneering or resurfacing (EP 592,106; EP 519,596; Padlan, 
Molecular" Immunology 28(4/5) :489-498 (199 r);~Studhicka" et~al., Protein Engineering" ~ 
7(6):805-814 (1994); Roguska. et al., PNAS 91:969-973 (1994)), and chain shuffling 
(U.S. Patent No. 5,565,332). 

[0194] Completely human antibodies are particularly desirable for therapeutic 
treatment of human patients. Human antibodies can be made by a variety of methods 
known in the art including phage display methods described above using antibody libraries 
derived from human immunoglobulin sequences. See also, U.S. Patent Nos. 4,444,887 
and 4,716,111; and PCT publications WO 98/46645, WO 98/50433, WO 98/24893, WO 
98/16654, WO 96/34096, WO 96/33735, and WO 91/10741; each of which is incorporated 
herein by reference in its entirety. 
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[0195] Human antibodies can also be produced using transgenic mice which are 
incapable of expressing functional endogenous immunoglobulins, but which can express 
human immunoglobulin genes. For example, the human heavy and light chain 
immunoglobulin gene complexes may be introduced randomly or by homologous 
recombination into mouse embryonic stem cells. Alternatively, the human variable 
region, constant region, and diversity region may be introduced into mouse embryonic 
stem cells in addition to the human heavy and light chain genes. The mouse heavy and 
light chain immunoglobulin genes may be rendered non-functional separately or 
simultaneously with the introduction of human immunoglobulin loci by homologous 
recombination. In particular, homozygous deletion of the JH region prevents endogenous 
antibody production. The modified embryonic stem cells are expanded and microinjected 
into blastocysts to produce chimeric mice. The chimeric mice are then bred to produce 
homozygous offspring which express human antibodies. The transgenic mice are 
immunized in the normal fashion with a selected antigen, e.g., all or a portion of a 
polypeptide of the invention. Monoclonal antibodies directed against the antigen can be 
obtained from the immunized, transgenic mice using conventional hybridoma technology. 
The human immunoglobulin transgenes harbored by the transgenic mice rearrange during 
B cell differentiation, and subsequently undergo class switching and somatic mutation. 
Thus, using such a technique, it is possible to produce therapeutically useful IgG, IgA, 
IgM and IgE antibodies. For an overview of this technology for producing human 
antibodies, see Lonberg and Huszar, Int. Rev. Immunol. 13:65-93 (1995). For a detailed 
discussion of this technology for producing human antibodies" and - human monoclonal- 
antibodies and protocols for producing such antibodies, see, e.g., PCT publications WO 
98/24893; WO 92/01047; WO 96/34096; WO 96/33735; European Patent No. 0 598 877; 
U.S. Patent Nos. 5,413,923; 5,625,126; 5,633,425; 5,569,825; 5,661,016; 5,545,806; 
5,814,318; 5,885,793; 5,916,771; and 5,939,598, which are incorporated by reference 
he rein i n their en tirety. In addition, companies such as Abgenix, Inc. (Freemont, CA) and 
Genpharm (San Jose, CA) can be engaged to provide human antibodies directed against a 
selected antigen using technology similar to that described above. 

[0196] Completely human antibodies which recognize a selected epitope can be 
generated using a technique referred to as "guided selection." In this approach a selected 
non-human monoclonal antibody, e.g., a mouse antibody, is used to guide the selection of 
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a completely human antibody recognizing the same epitope. (Jespers et al., Bio/technology 
12:899-903 (1988)). 

[0197] Further, antibodies to the polypeptides of the invention can, in turn, be utilized 
to generate anti-idiotype antibodies that "mimic" polypeptides of the invention using 
techniques well known to those skilled in the art. (See, e.g., Greenspan & Bona, FASEB J. 
7(5):437-444; (1989) and Nissinoff, J. Immunol. 147(8):2429-2438 (1991)). For 
example, antibodies which bind to and competitively inhibit polypeptide multimerization 
and/or binding of a polypeptide of the invention to a ligand can be used to generate anti- 
idiotypes that "mimic" the polypeptide multimerization and/or binding domain and, as a 
consequence, bind to and neutralize polypeptide and/or its ligand. Such neutralizing anti- 
idiotypes or Fab fragments of such anti-idiotypes can be used in therapeutic regimens to 
neutralize polypeptide ligand. For example, such anti-idiotypic antibodies can be used to 
bind a polypeptide of the invention and/or to bind its ligands/receptors, and thereby block 
its biological activity. 

Polynucleotides Encoding Antibodies 

[0198] The invention further provides polynucleotides comprising a nucleotide 
sequence encoding an antibody of the invention and fragments thereof. The invention also 
encompasses polynucleotides that hybridize under stringent or lower stringency 
hybridization conditions, e.g., as defined supra, to polynucleotides that encode an 
antibody, preferably, that specifically binds to a polypeptide of the invention, preferably, 
an antibody that binds to a polypeptide having any of the amino acid sequences shown in 
Table 1. 

[0199] The polynucleotides may be obtained, and the nucleotide sequence of the 
polynucleotides determined, by any method known in the art. For example, if the 
nucleotide sequence of the antibody is known, a polynucleotide encoding the antibody 
may -be assembled from chemically synthesized j3liggnucleotides .(e.g., as described in 
Kutmeier et al., BioTechniques 17:242 (1994)), which, briefly, involves the synthesis of 
overlapping oligonucleotides containing portions of the sequence encoding the antibody, 
annealing and ligating of those oligonucleotides, and then amplification of the ligated 
oligonucleotides by PCR. 
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[0200] Alternatively, a polynucleotide encoding an antibody may be generated from 
nucleic acid from a suitable source. If a clone containing a nucleic acid encoding a 
particular antibody is not available, but the sequence of the antibody molecule is known, a 
nucleic acid encoding the immunoglobulin may be chemically synthesized or obtained 
from a suitable source (e.g., an antibody cDNA library, or a cDNA library generated from, 
or nucleic acid, preferably poly A+ RNA, isolated from, any tissue or cells expressing the 
antibody, such as hybridoma cells selected to express an antibody of the invention) by 
PCR amplification using synthetic primers hybridizable to the 3' and 5' ends of the 
sequence or by cloning using an oligonucleotide probe specific for the particular gene 
sequence to identify, e.g., a cDNA clone from a cDNA library that encodes the antibody. 
Amplified nucleic acids generated by PCR may then be cloned into replicable cloning 
vectors using any method well known in the art. 

[0201] Once the nucleotide sequence and corresponding amino acid sequence of the 
antibody is determined, the nucleotide sequence of the antibody may be manipulated using 
methods well-known in the art for the manipulation of nucleotide sequences, e.g., 
recombinant DNA techniques, site directed mutagenesis, PCR, etc. (see, for example, the 
techniques described in Sambrook et al., 1990, Molecular Cloning, A Laboratory Manual, 
2d Ed., Cold Spring Harbor Laboratory, Cold Spring Harbor, NY and Ausubel et al., eds., 
1998, Current Protocols in Molecular Biology, John Wiley & Sons, NY, which are both 
incorporated by reference herein in their entireties ), to generate antibodies having a 
different amino acid sequence, for example to create amino acid substitutions, deletions, 
and/or insertions. 

[0202] In a specific embodiment, the amino acid sequence of the heavy and/or light 
chain variable domains may be inspected to identify the sequences of the complementarity 
determining regions (CDRs) by methods that are well know in the art, e.g., by comparison 
to known amino acid sequences of other heavy and light chain variable regions to 
determine the-regions of • S equence-h-ypervariability."Using~routine recombinant DNA 
techniques, one or more of the CDRs may be inserted within framework regions, e.g., into 
human framework regions to humanize a non-human antibody, as described supra. The 
framework regions may be naturally occurring or consensus framework regions, and 
preferably human framework regions (see, e.g., Chothia et al., J. Mol. Biol. 278: 457-479 
(1998) for a listing of human framework regions). Preferably, the polynucleotide 
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generated by the combination of the framework regions and CDRs encodes an antibody 
that specifically binds a polypeptide of the invention. Preferably, as discussed supra, one 
or more amino acid substitutions may be made within the framework regions, and, 
preferably, the amino acid substitutions improve binding of the antibody to its antigen. 
Additionally, such methods may be used to make amino acid substitutions or deletions of 
one or more variable region cysteine residues participating in an intrachain disulfide bond 
to generate antibody molecules lacking one or more intrachain disulfide bonds. Other 
alterations to the polynucleotide are encompassed by the present invention and within the 
skill of the art. 

[0203] In addition, techniques developed for the production of "chimeric antibodies" 
(Morrison et al., Proc. Natl. Acad. Sci. 81:851-855 (1984); Neuberger et al., Nature 
312:604-608 (1984); Takeda et al., Nature 314:452-454 (1985)) by splicing genes from a 
mouse antibody molecule of appropriate antigen specificity together with genes from a 
human antibody molecule of appropriate biological activity can be used. As described 
supra, a chimeric antibody is a molecule in which different portions are derived from 
different animal species, such as those having a variable region derived from a murine 
mAb and a human immunoglobulin constant region, e.g., humanized antibodies. 
[0204] Alternatively, techniques described for the production of single chain 
antibodies (U.S. Patent No. 4,946,778; Bird, Science 242:423- 42 (1988); Huston et al., 
Proc. Natl. Acad. Sci. USA 85:5879-5883 (1988); and Ward et al., Nature 334:544-54 
(1989)) can be adapted to produce single chain antibodies. Single chain antibodies are 
formed by linking the heavy and light chain fragments of the Fv region via an amino acid 
bridge, resulting in a single chain polypeptide. Techniques for the assembly of functional 
Fv fragments in E. coli may also be used (Skerra et al., Science 242:1038- 1041 (1988)). 

Methods of Producing Antibodies 
- [0205]- - The antibodies-of the invention can-be produced by any method .known.m. the 
art for the synthesis of antibodies, in particular, by chemical synthesis or preferably, by 
recombinant expression techniques. 

[0206] Recombinant expression of an antibody of the invention, or fragment, 
derivative or analog thereof, (e.g., a heavy or light chain of an antibody of the invention or 
a single chain antibody of the invention), requires construction of an expression vector 

96 



containing a polynucleotide that encodes the antibody. Once a polynucleotide encoding an 
antibody molecule or a heavy or light chain of an antibody, or portion thereof (preferably 
containing the heavy or light chain variable domain), of the invention has been obtained, 
the vector for the production of the antibody molecule may be produced by recombinant 
DNA technology using techniques well-known in the art. Thus, methods for preparing a 
protein by expressing a polynucleotide containing an antibody encoding nucleotide 
sequence are described herein. Methods which are well known to those skilled in the art 
can be used to construct expression vectors containing antibody coding sequences and 
appropriate transcriptional and translational control signals. These methods include, for 
example, in vitro recombinant DNA techniques, synthetic techniques, and in vivo genetic 
recombination. The invention, thus, provides replicable vectors comprising a nucleotide 
sequence encoding an antibody molecule of the invention, or a heavy or light chain 
thereof, or a heavy or light chain variable domain, operably linked to a promoter. Such 
vectors may include the nucleotide sequence encoding the constant region of the antibody 
molecule (see, e.g., PCT Publication WO 86/05807; PCT Publication WO 89/01036; and 
U.S. Patent No. 5,122,464) and the variable domain of the antibody may be cloned into 
such a vector for expression of the entire heavy or light chain. 

(0207] The expression vector is transferred to a host cell by conventional techniques 
and the transfected cells are then cultured by conventional techniques to produce an 
antibody of the invention. Thus, the invention includes host cells containing a 
polynucleotide encoding an antibody of the invention, or a heavy or light chain thereof, or 
a single chain antibody of the invention, operably linked to a heterologous promoter. In 
preferred embodiments for the expression of double-chained antibodies, vectors encoding 
both the heavy and light chains may be co-expressed in the host cell for expression of the 
entire immunoglobulin molecule, as detailed below. 

[0208] A variety of host-expression vector systems may be utilized to express the 
antibody molecules-of the invention. Such-host-expression systems represent vehicles by 
which the coding sequences of interest may be produced and subsequently purified, but 
also represent cells which may, when transformed or transfected with the appropriate 
nucleotide coding sequences, express an antibody molecule of the invention in situ. These 
include but are not limited to microorganisms such as bacteria (e.g., E. coli, B. subtilis) 
transformed with recombinant bacteriophage DNA, plasmid DNA or cosmid DNA 
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expression vectors containing antibody coding sequences; yeast (e.g., Saccharomyces, 
Pichia) transformed with recombinant yeast expression vectors containing antibody 
coding sequences; insect cell systems infected with recombinant virus expression vectors 
(e.g., baculovirus) containing antibody coding sequences; plant cell systems infected with 
recombinant virus expression vectors (e.g., cauliflower mosaic virus, CaMV; tobacco 
mosaic virus, TMV) or transformed with recombinant plasmid expression vectors (e.g., Ti 
plasmid) containing antibody coding sequences; or mammalian cell systems (e.g., COS, 
CHO, BHK, 293, 3T3 cells) harboring recombinant expression constructs containing 
promoters derived from the genome of mammalian cells (e.g., metallothionein promoter) 
or from mammalian viruses (e.g., the adenovirus late promoter; the vaccinia virus 7.5K 
promoter). Preferably, bacterial cells such as Escherichia coli, and more preferably, 
eukaryotic cells, especially for the expression of whole recombinant antibody molecule, 
are used for the expression of a recombinant antibody molecule. For example, 
mammalian cells such as Chinese hamster ovary cells (CHO), in conjunction with a vector 
such as the major intermediate early gene promoter element from human cytomegalovirus 
is an effective expression system for antibodies (Foecking et al., Gene 45:101 (1986); 
Cockett et al., Bio/Technology 8:2 (1990)). 

[0209] In bacterial systems, a number of expression vectors may be advantageously 
selected depending upon the use intended for the antibody molecule being expressed. For 
example, when a large quantity of such a protein is to be produced, for the generation of 
pharmaceutical compositions of an antibody molecule, vectors which direct the expression 
of high levels of fusion protein products that are readily purified may be desirable. Such 
vectors include, but are not limited, to the E. coli expression vector pUR278 (Ruther et al., 
EMBO J. 2:1791 (1983)), in which the antibody coding sequence may be ligated 
individually into the vector in frame with the lac Z coding region so that a fusion protein is 
produced; pIN vectors (Inouye & Inouye, Nucleic Acids Res. 13:3101-3109 (1985); Van 
-Heeke &-Schuster, J. Biol.-Chem,-24:5503-5509 (1-989)); and the like, „pGEXvectors may 
also be used to express foreign polypeptides as fusion proteins with glutathione S- 
transferase (GST). In general, such fusion proteins are soluble and can easily be purified 
from lysed cells by adsorption and binding to matrix glutathione-agarose beads followed 
by elution in the presence of free glutathione. The pGEX vectors are designed to include 
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thrombin or factor Xa protease cleavage sites so that the cloned target gene product can be 
released from the GST moiety. 

[0210] In an insect system, Autographa californica nuclear polyhedrosis virus 
(AcNPV) is used as a vector to express foreign genes. The virus grows in Spodoptera 
frugiperda cells. The antibody coding sequence may be cloned individually into non- 
essential regions (for example the polyhedrin .gene) of the virus and placed under control 
of an AcNPV promoter (for example the polyhedrin promoter). 

[0211] In mammalian host cells, a number of viral-based expression systems may be 
utilized. In cases where an adenovirus is used as an expression vector, the antibody 
coding sequence of interest may be ligated to an adenovirus transcription/translation 
control complex, e.g., the late promoter and tripartite leader sequence. This chimeric gene 
may then be inserted in the adenovirus genome by in vitro or in vivo recombination. 
Insertion in a non- essential region of the viral genome (e.g., region El or E3) will result 
in a recombinant virus that is viable and capable of expressing the antibody molecule in 
infected hosts, (e.g., see Logan & Shenk, Proc. Natl. Acad. Sci. USA 81 :355-359 (1984)). 
Specific initiation signals may also be required for efficient translation of inserted 
antibody coding sequences. These signals include the ATG initiation codon and adjacent 
sequences. Furthermore, the initiation codon must be in phase with the reading frame of 
the desired coding sequence to ensure translation of the entire insert. These exogenous 
translational control signals and initiation codons can be of a variety of origins, both 
natural and synthetic. The efficiency of expression may be enhanced by the inclusion of 
appropriate transcription enhancer elements, transcription terminators, etc. (see Bittner et 
al., Methods in Enzymol. 153:51-544 (1987)). 

[0212] In addition, a host cell strain may be chosen which modulates the expression of 
the inserted sequences, or modifies and processes the gene product in the specific fashion 
desired. Such modifications (e.g., glycosylation) and processing (e.g., cleavage) of protein 
products- may be important for the -function of the- protein. Different_host cells have 
characteristic and specific mechanisms for the post-translational processing and 
modification of proteins and gene products. Appropriate cell lines or host systems can be 
chosen to ensure the correct modification and processing of the foreign protein expressed. 
To this end, eukaryotic host cells which possess the cellular machinery for proper 
processing of the primary transcript, glycosylation, and phosphorylation of the gene 
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product may be used. Such mammalian host cells include but are not limited to CHO, 
VERY, BHK, Hela, COS, MDCK, 293, 3T3, WI38, and in particular, breast cancer cell 
lines such as, for example, BT483, Hs578T, HTB2, BT20 and T47D, and normal 
mammary gland cell line such as, for example, CRL7030 and Hs578Bst. 
[0213] For long-term, high-yield production of recombinant proteins, stable 
expression is preferred. For example, cell lines which stably express the antibody 
molecule may be engineered. Rather than using expression vectors which contain viral 
origins of replication, host cells can be transformed with DNA controlled by appropriate 
expression control elements (e.g., promoter, enhancer, sequences, transcription 
terminators, polyadenylation sites, etc.), and a selectable marker. Following the 
introduction of the foreign DNA, engineered cells may be allowed to grow for 1-2 days in 
an enriched media, and then are switched to a selective media. The selectable marker in 
the recombinant plasmid confers resistance to the selection and allows cells to stably 
integrate the plasmid into their chromosomes and grow to form foci which in turn can be 
cloned and expanded into cell lines. This method may advantageously be used to engineer 
cell lines which express the antibody molecule. Such engineered cell lines may be 
particularly useful in screening and evaluation of compounds that interact directly or 
indirectly with the antibody molecule. 

[0214] A number of selection systems may be used, including but not limited to the 
herpes simplex virus thymidine kinase (Wigler et al., Cell 1 1:223 (1977)), hypoxanthine- 
guanine phosphoribosyltransferase (Szybalska & Szybalski, Proc. Natl. Acad. Sci. USA 
48:202 (1992)), and adenine phosphoribosyltransferase (Lowy et al., Cell 22:817 (1980)) 
genes can be employed in tk-, hgprt- or aprt- cells, respectively. Also, antimetabolite 
resistance can be used as the basis of selection for the following genes: dhfr, which 
confers resistance to methotrexate (Wigler et al., Natl. Acad. Sci. USA 77:357 (1980); 
O'Hare et al., Proc. Natl. Acad. Sci. USA 78:1527 (1981)); gpt, which confers resistance 
to -mycophenolic acid (Mulligan & Berg, Proc. Natl_ Acad, JSci. USA 78:2072 (1981)); 
neo, which confers resistance to the aminoglycoside G-418 Clinical Pharmacy 12:488- 
505; Wu and Wu, Biotherapy 3:87-95 (1991); Tolstoshev, Ann. Rev. Pharmacol. Toxicol. 
32:573-596 (1993); Mulligan, Science 260:926-932 (1993); and Morgan and Anderson, 
Ann. Rev. Biochem. 62:191-217 (1993); May, 1993, TIB TECH 1 1 (5): 1 55-21 5); and 
hygro, which confers resistance to hygromycin (Santerre et al., Gene 30:147 (1984)). 
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Methods commonly known in the art of recombinant DNA technology may be routinely 
applied to select the desired recombinant clone, and such methods are described, for 
example, in Ausubel et al. (eds.), Current Protocols in Molecular Biology, John Wiley & 
Sons, NY (1993); Kriegler, Gene Transfer and Expression, A Laboratory Manual, 
Stockton Press, NY (1990); and in Chapters 12 and 13, Dracopoli et al. (eds), Current 
Protocols in Human Genetics, John Wiley & Sons, NY (1994); Colberre-Garapin et al., J. 
Mol. Biol. 150:1 (1981), which are incorporated by reference herein in their entireties. 
[0215] The expression levels of an antibody molecule can be increased by vector 
amplification (for a review, see Bebbington and Hentschel, The use of vectors based on 
gene amplification for the expression of cloned genes in mammalian cells in DNA 
cloning, Vol.3. (Academic Press, New York, 1987)). When a marker in the vector system 
expressing antibody is amplifiable, increase in the level of inhibitor present in culture of 
host cell will increase the number of copies of the marker gene. Since the amplified 
region is associated with the antibody gene, production of the antibody will also increase 
(Crouse et al., Mol. Cell. Biol. 3:257 (1983)). 

[0216] The host cell may be co-transfected with two expression vectors of the 
invention, the first vector encoding a heavy chain derived polypeptide and the second 
vector encoding a light chain derived polypeptide. The two vectors may contain identical 
selectable markers which enable equal expression of heavy and light chain polypeptides. 
Alternatively, a single vector may be used which encodes, and is capable of expressing, 
both heavy and light chain polypeptides. In such situations, the light chain should be 
placed before the heavy chain to avoid an excess of toxic free heavy chain (Proudfoot, 
Nature 322:52 (1986); Kohler, Proc. Natl. Acad. Sci. USA 77:2197 (1980)). The coding 
sequences for the heavy and light chains may comprise cDNA or genomic DNA. 
[0217] Once an antibody molecule of the invention has been produced by an animal, 
chemically synthesized, or recombinantly expressed, it may be purified by any method 
known in- the art -for purification of an immunoglobulin molecule, for example, by 
chromatography (e.g., ion exchange, affinity, particularly by affinity for the specific 
antigen after Protein A, and sizing column chromatography), centrifugation, differential 
solubility, or by any other standard technique for the purification of proteins. In addition, 
the antibodies of the present invention or fragments thereof can be fused to heterologous 
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polypeptide sequences described herein or otherwise known in the art, to facilitate 
purification. 

[0218] The present invention encompasses antibodies recombinantly fused or 
chemically conjugated (including both covalently and non-covalently conjugations) to a 
polypeptide (or portion thereof, preferably at least 10, 20, 30, 40, 50, 60, 70, 80, 90 or 100 
amino acids of the polypeptide) of the present invention to generate fusion proteins. The 
fusion does not necessarily need to be direct, but may occur through linker sequences. 
The antibodies may be specific for antigens other than polypeptides (or portion thereof, 
preferably at least 10, 20, 30, 40, 50, 60, 70, 80, 90 or 100 amino acids of the polypeptide) 
of the present invention. For example, antibodies may be used to target the polypeptides 
of the present invention to particular cell types, either in vitro or in vivo, by fusing or 
conjugating the polypeptides of the present invention to antibodies specific for particular 
cell surface receptors. Antibodies fused or conjugated to the polypeptides of the present 
invention may also be used in in vitro immunoassays and purification methods using 
methods known in the art. See e.g., Harbor et al., supra, and PCT publication WO 
93/21232; EP 439,095; Naramura et al., Immunol. Lett. 39:91-99 (1994); U.S. Patent 
5,474,981; Gillies et al., PNAS 89:1428-1432 (1992); Fell et al., J. Immunol. 146:2446- 
2452(1991), which are incorporated by reference in their entireties. 

[0219] The present invention further includes compositions comprising the 
polypeptides of the present invention fused or conjugated to antibody domains other than 
the variable regions. For example, the polypeptides of the present invention may be fused 
or conjugated to an antibody Fc region, or portion thereof. The antibody portion fused to a 
polypeptide of the present invention may comprise the constant region, hinge region, CHI 
domain, CH2 domain, and CH3 domain or any combination of whole domains or portions 
thereof. The polypeptides may also be fused or conjugated to the above antibody portions 
to form multimers. For example, Fc portions fused to the polypeptides of the present 
invention can form dimers-through-disulfide- bonding between the. Fc portions. Higher 
multimeric forms can be made by fusing the polypeptides to portions of IgA and IgM. 
Methods for fusing or conjugating the polypeptides of the present invention to antibody 
portions are known in the art. See, e.g., U.S. Patent Nos. 5,336,603; 5,622,929; 5,359,046; 
5,349,053; 5,447,851; 5,112,946; EP 307,434; EP 367,166; PCT publications WO 
96/04388; WO 91/06570; Ashkenazi et al., Proc. Natl. Acad. Sci. USA 88:10535-10539 
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(1991); Zheng et al., J. Immunol. 154:5590-5600 (1995); and Vil et al., Proc. Natl. Acad. 
Sci. USA 89:11337- 11341(1992) (said references incorporated by reference in their 
entireties). 

[0220] As discussed, supra, the polypeptides corresponding to a polypeptide, 
polypeptide fragment, or a variant of any one of the amino acid sequences shown in Table 
1 may be fused or conjugated to the above antibody portions to increase the in vivo half 
life of the polypeptides or for use in immunoassays using methods known in the art. 
Further, the polypeptides corresponding to S. aureus proteins shown in Table 1 may be 
fused or conjugated to the above antibody portions to facilitate purification. One reported 
example describes chimeric proteins consisting of the first two domains of the human 
CD4-polypeptide and various domains of the constant regions of the heavy or light chains 
of mammalian immunoglobulins. (EP 394,827; Traunecker et al., Nature 331:84-86 
(1988): The polypeptides of the present invention fused or conjugated to an antibody 
having disulfide- linked dimeric structures (due to the. IgG) may also be more efficient in 
binding and neutralizing other molecules, than the monomeric secreted protein or protein 
fragment alone. (Fountoulakis et al., J. Biochem. 270:3958-3964 (1995)). In many cases, 
the Fc part in a fusion protein is beneficial in therapy and diagnosis, and thus can result in, 
for example, improved pharmacokinetic properties. (EP A 232,262). Alternatively, 
deleting the Fc part after the fusion protein has been expressed, detected, and purified, 
would be desired. For example, the Fc portion may hinder therapy and diagnosis if the 
fusion protein is used as an antigen for immunizations. In drug discovery, for example, 
human proteins, such as hIL-5, have been fused with Fc portions for the purpose of high- 
throughput screening assays to identify antagonists of hIL-5. (See, Bennett et al., J. 
Molecular Recognition 8:52-58 (1995); Johanson et al., J. Biol. Chem. 270:9459-9471 
(1995). 

[0221] Moreover, the antibodies or fragments thereof of the present invention can be 
~ fused to marker "sequences, such as-a- peptide to -facilitate-purification.. In preferred 
embodiments, the marker amino acid sequence is a hexa-histidine peptide, such as the tag 
provided in a pQE vector (QIAGEN, Inc., 9259 Eton Avenue, Chatsworth, CA, 91311), 
among others, many of which are commercially available. As described in Gentz et al., 
Proc. Natl. Acad. Sci. USA 86:821-824 (1989), for instance, hexa-histidine provides for 
convenient purification of the fusion protein. Other peptide tags useful for purification 
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include, but are not limited to, the "HA" tag, which corresponds to an epitope derived 
from the influenza hemagglutinin protein (Wilson et al., Cell 37:767 (1984)) and the 
"flag" tag. 

[0222] The present invention further encompasses antibodies or fragments thereof 
conjugated to a diagnostic or therapeutic agent. The antibodies can be used diagnostically 
to, for example, monitor the development or progression of a tumor as part of a clinical 
testing procedure to, e.g., determine the efficacy of a given treatment regimen. Detection 
can be facilitated by coupling the antibody to a detectable substance. Examples of. 
detectable substances include various enzymes, prosthetic groups, fluorescent materials, 
luminescent materials, bioluminescent materials, radioactive materials, positron emitting 
metals using various positron emission tomographies, and nonradioactive paramagnetic 
metal ions. The detectable substance may be coupled or conjugated either directly to the 
antibody (or fragment thereof) or indirectly, through an intermediate (such as, for 
example, a linker known in the art) using techniques known in the art. See, for example, 
U.S. Patent No. 4,741,900 for metal ions which can be conjugated to antibodies for use as 
diagnostics according to the present invention. Examples of suitable enzymes include 
horseradish peroxidase, alkaline phosphatase, beta-galactosidase, or acetylcholinesterase; 
examples of suitable prosthetic group complexes include streptavidin/biotin and 
avidin/biotin; examples of suitable fluorescent materials include umbelliferone, 
fluorescein, fluorescein isothiocyanate, rhodamine, dichlorotriazinylamine fluorescein, 
dansyl chloride or phycoerythrin; an example of a luminescent material includes luminol; 
examples of bioluminescent materials include lueiferase, luciferin, and aequorin; and 
examples of suitable radioactive material include 1251, 1311, 1 1 lln or 99Tc. 
[0223] Further, an antibody or fragment thereof may be conjugated to a therapeutic 
moiety such as a cytotoxin, e.g., a cytostatic or cytocidal agent, a therapeutic agent or a 
radioactive metal ion, e.g., alpha-emitters such as, for example, '21 3Bi. A cytotoxin or 
—cytotoxic - agent - includes any— agent—that is-detrimental to -cells. - Examples include 
paclitaxol, cytochalasin B, gramicidin D, ethidium bromide, emetine, mitomycin, 
etoposide, tenoposide, vincristine, vinblastine, colchicin, doxorubicin, daunorubicin, 
dihydroxy anthracin dione, mitoxantrone, mithramycin, actinomycin D, 1- 
dehydrotestosterone, glucocorticoids, procaine, tetracaine, lidocaine, propranolol, and 
puromycin and analogs or homologs thereof Therapeutic agents include, but are not 
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limited to, antimetabolites (e.g., methotrexate, 6-mercaptopurine, 6-thioguanine, 
cytarabine, 5-fluorouracil decarbazine), alkylating agents (e.g., mechlorethamine, thioepa 
chlorambucil, melphalan, carmustine (BSNU) and lomustine (CCNU), cyclothosphamide, 
busulfan, dibromomannitol, streptozotocin, mitomycin C, and cis- dichlorodiamine 
platinum (II) (DDP) cisplatin), anthracyclines (e.g., daunorubicin (formerly daunomycin) 
and doxorubicin), antibiotics (e.g., dactinomycin (formerly actinomycin), bleomycin, 
mithramycin, and anthramycin (AMC)), and anti-mitotic agents (e.g., vincristine and 
vinblastine). 

[0224] The conjugates of the invention can be used for modifying a given biological 
response, the therapeutic agent or drug moiety is not to be construed as limited to classical 
chemical therapeutic agents. For example, the drug moiety may be a protein or 
polypeptide possessing a desired biological activity. Such proteins may include, for 
example, a toxin such as abrin, ricin A, pseudomonas exotoxin, or diphtheria toxin; a 
protein such as tumor necrosis factor, a-interferon, B-interferon, nerve growth factor, 
platelet derived growth factor, tissue plasminogen activator, an apoptotic agent, e.g., TNF- 
alpha, TNF-beta, AIM I (See, International Publication No. WO 97/33899), AIM II (See, 
International Publication No. WO 97/34911), Fas Ligand (Takahashi et al, Int. Immunol, 
6: 1567-1 574 (1994)), VEGI (See, International Publication No. WO 99/23105), a 
thrombotic agent or an anti- angiogenic agent, e.g., angiostatin or endostatin; or, biological 
response modifiers such as, for example, lymphokines, interleukin-1 ("IL-1"), interleukin- 
2 ("IL-2"), interleukin-6 ("IL-6"), granulocyte macrophage colony stimulating factor 
("GM-CSF"), granulocyte colony stimulating factor ("G-CSF"), or other growth factors. 
[0225] Antibodies may also be attached to solid supports, which are particularly useful 
for immunoassays or purification of the target antigen. Such solid supports include, but 
are not limited to, glass, cellulose, polyacrylamide, nylon, polystyrene, polyvinyl chloride 
or polypropylene. ' 

= — [0226] Techniques for -conjugating -such therapeutic moiety to antibodies, are well _ 

known, see, e.g., Arnon et at, "Monoclonal Antibodies For Immunotargeting Of Drugs In 
Cancer Therapy", in Monoclonal Antibodies And Cancer Therapy, Reisfeld et al. (eds.), 
pp. 243-56 (Alan R. Liss, Inc. 1985); Hellstrom et at, "Antibodies For Drug Delivery", in 
Controlled Drug Delivery (2nd Ed.), Robinson et al. (eds.), pp. 623-53 (Marcel Dekker, 
Inc. 1987); Thorpe, "Antibody Carriers Of Cytotoxic Agents In Cancer Therapy: A 
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Review", in Monoclonal Antibodies '84: Biological And Clinical Applications, Pinchera et 
al. (eds.), pp. 475-506 (1985); "Analysis, Results, And Future Prospective Of The , 
Therapeutic Use Of Radiolabeled Antibody In Cancer Therapy", in Monoclonal 
Antibodies For Cancer Detection And Therapy, Baldwin et al. (eds.), pp. 303-16 
(Academic Press 1985), and Thorpe et al., "The Preparation And Cytotoxic Properties Of 
Antibody-Toxin Conjugates", Immunol. Rev. 62:1 19-58 (1982). 

[0227] Alternatively, an antibody can be conjugated to a second antibody to form an 
antibody heteroconjugate as described by Segal in U.S. Patent No. 4,676,980, which is 
incorporated herein by reference in its entirety. 

[0228] An antibody, with or without a therapeutic moiety conjugated to it, 
administered alone or in combination with cytotoxic factor(s) and/or cytokine(s) can be 
used as a therapeutic. 

Immunophenotyping 

[0229] The antibodies of the invention may be utilized for immunophenotyping of cell 
lines and biological samples. The translation product of the gene of the present invention 
may be useful as a cell specific marker, or more specifically as a cellular marker that is 
differentially expressed at various stages of differentiation and/or maturation of particular 
cell types. Monoclonal antibodies directed against a specific epitope, or combination of 
epitopes, will allow for the screening of cellular populations expressing the marker. 
Various techniques can be utilized using monoclonal antibodies to screen for cellular 
populations expressing the marker(s), and include magnetic separation using antibody- 
coated magnetic beads, "panning" with antibody attached to a solid matrix (i.e., plate), and 
flow cytometry (See, e.g., U.S. Patent 5,985,660; and Morrison et al, Cell 96:137-49 
(1999)). 

[0230] These techniques allow for the screening of particular populations of cells, 
-such as -might be found- with - hematological malignancies (i.e._ minimal residual disease 
(MRD) in acute leukemic patients) and "non-self cells in transplantations to prevent 
Graft-versus-Host Disease (GVHD); Alternatively, these techniques allow for the 
screening of hematopoietic stem and progenitor cells capable of undergoing proliferation 
and/or differentiation, as might be found in human umbilical cord blood. 
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Assays For Antibody Binding 

[0231] The antibodies of the invention may be assayed for immunospecific binding by 
any method known in the art. The immunoassays which can be used include but are not 
limited to competitive and non-competitive assay systems using techniques such as 
western blots, radioimmunoassays, ELISA (enzyme linked immunosorbent assay), 
"sandwich" immunoassays, immunoprecipitation assays, precipitin reactions, gel diffusion 
precipitin reactions, immunodiffusion assays, agglutination assays, complement-fixation 
assays, immunoradiometric assays, fluorescent immunoassays, protein A immunoassays, 
to name but a few. Such assays are routine and well-known in the art (see, e.g., Ausubel et 
al, eds, 1994, Current Protocols in Molecular Biology, Vol. 1, John Wiley & Sons, Inc., 
New York, which is incorporated by reference herein in its entirety). Exemplary 
immunoassays are described briefly below (but are not intended by way of limitation). 
[0232] Immunoprecipitation protocols generally comprise lysing a population of cells 
in a lysis buffer such as RIP A buffer (1% NP-40 or Triton X- 100, 1% sodium 
deoxycholate, 0.1% SDS, 0.15 M NaCl, 0.01 M sodium phosphate at pH 7.2, 1% Trasylol) 
supplemented with protein phosphatase and/or protease inhibitors (e.g., EDTA, PMSF, 
aprotinin, sodium vanadate), adding the antibody of interest to the cell lysate, incubating 
for a period of time (e.g., 1-4 hours) at 4° C, adding protein A and/or protein G sepharose 
beads to the cell lysate, incubating for about an hour or more at 4° C, washing the beads 
in lysis buffer and resuspending the beads in SDS/sample buffer. The ability of the 
antibody of interest to immunoprecipitate a particular antigen can be assessed by, e.g., 
western blot analysis. One of skill in the art would be knowledgeable as to the parameters 
that can be modified to increase the binding of the antibody to an antigen and decrease the 
background (e.g., pre-clearing the cell lysate with sepharose beads). For further 
discussion regarding immunoprecipitation protocols see, e.g., Ausubel et al, eds, 1994, 
Current Protocols in Molecular Biology, Vol. 1, John Wiley & Sons, Inc., New York at 

-\-QA6A-. — ; ^ 

[0233] Western blot analysis generally comprises preparing protein samples, 
electrophoresis of the protein samples in a polyacrylamide gel (e.g., 8%- 20% SDS-PAGE 
depending on the molecular weight of the antigen), transferring the protein sample from 
the polyacrylamide gel to a membrane such as nitrocellulose, PVDF or nylon, blocking the 
membrane in blocking solution (e.g., PBS with 3% BSA or non-fat milk), washing the 
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membrane in washing buffer (e.g., PBS-Tween 20), blocking the membrane with primary 
antibody (the antibody of interest) diluted in blocking buffer, washing the membrane in 
washing buffer, blocking the membrane with a secondary antibody (which recognizes the 
primary antibody, e.g., an anti-human antibody) conjugated to an enzymatic substrate 
(e.g., horseradish peroxidase or alkaline phosphatase) or radioactive molecule (e.g., 32P or 
1251) diluted in blocking buffer, washing the membrane in wash buffer, and detecting the 
presence of the antigen. One of skill in the art would be knowledgeable as to the 
parameters that can be modified to increase the signal detected and to reduce the 
background noise. For further discussion regarding western blot protocols see, e.g., 
Ausubel et al, eds, 1994, Current Protocols in Molecular Biology, Vol. 1, John Wiley & 
Sons, Inc., New York at 10.8.1. 

[0234] ELISAs comprise preparing antigen, coating the well of a 96 well microtiter 
plate with the antigen, adding the antibody of interest conjugated to a detectable 
compound such as an enzymatic substrate (e.g., horseradish peroxidase or alkaline 
phosphatase) to the well and incubating for a period of time, and detecting the presence of 
the antigen. In ELISAs the antibody of interest does not have to be conjugated to a 
detectable compound; instead, a second antibody (which recognizes the antibody of 
interest) conjugated to a detectable compound may be added to the well. Further, instead 
of coating the well with the antigen, the antibody may be coated to the well. In this case, a 
second antibody conjugated to a detectable compound may be added following the 
addition of the antigen of interest to the coated well. One of skill in the art would be 
knowledgeable as to the parameters that can be modified to increase the signal detected as 
well as other variations of ELISAs known in the art. For further discussion regarding 
ELISAs see, e.g., Ausubel et al, eds, 1994, Current Protocols in Molecular Biology, Vol. 
1 , John Wiley & Sons, Inc., New York at 1 1 .2. 1 . 

[0235] The binding affinity of an antibody to, an antigen and the off-rate of an 
-antibody^antigen interaction can he_determined_by. competitive binding ass ays. One 
example of a competitive binding assay is a radioimmunoassay comprising the incubation 
of labeled antigen (e.g., 3H or 1251) with the antibody of interest in the presence of 
increasing amounts of unlabeled antigen, and the detection of the antibody bound to the 
labeled antigen. The affinity of the antibody of interest for a particular antigen and the 
binding off-rates can be determined from the data by scatchard plot analysis. Competition 
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with a second antibody can also be determined using radioimmunoassays. In this case, the 
antigen is incubated with antibody of interest conjugated to a labeled compound (e.g., 3H 
or 1251) in the presence of increasing amounts of an unlabeled second antibody. 

Therapeutic Uses 

[0236] The present invention is further directed to antibody-based therapies which 
involve administering antibodies of the invention to an animal, preferably a mammal, and 
most preferably a human, patient for treating one or more of the disclosed diseases, 
disorders, or conditions. Therapeutic compounds of the invention include, but are not 
limited to, antibodies of the invention (including fragments, analogs and derivatives 
thereof as described herein) and nucleic acids encoding antibodies of the invention 
(including fragments, analogs and derivatives thereof and anti-idiotypic antibodies as 
described herein). The antibodies of the invention can be used to treat, inhibit or prevent 
diseases, disorders or conditions associated with aberrant expression and/or activity of a 
polypeptide of the invention, including, but not limited to, any one or more of the diseases, 
disorders, or conditions described herein. The treatment and/or prevention of diseases, 
disorders, or conditions associated with aberrant expression and/or activity of a 
polypeptide of the invention includes, but is not limited to, alleviating symptoms 
associated with those diseases, disorders or conditions. Antibodies of the invention may 
be provided in pharmaceutically acceptable compositions as known in the art or as 
described herein. 

[0237] A summary of the ways in which the antibodies of the present invention may 
be used therapeutically includes binding polynucleotides or polypeptides of the present 
invention locally or systemically in the body or by direct cytotoxicity of the antibody, e.g. 
as mediated by complement (CDC) or by effector cells (ADCC). Some of these 
approaches are described in more detail below. Armed with the teachings provided herein, 
"one of ordinary skilHn the art will know how to use_the antibodies_of the.p.resentjnvention 
for diagnostic, monitoring or therapeutic purposes without undue experimentation. 
[0238] The antibodies of this invention may be advantageously utilized in combination 
with other monoclonal or chimeric antibodies, or with lymphokines or hematopoietic 
growth factors (such as, e.g., IL-2, 1L-3 and IL-7), for example, which serve to increase 
the number or activity of effector cells which interact with the antibodies. 
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[0239] The antibodies of the invention may be administered alone or in combination 
with other types of treatments (e.g., radiation therapy, chemotherapy, hormonal therapy, 
immunotherapy and anti-tumor agents). Generally, administration of products of a species 
origin or species reactivity (in the case of antibodies) that is the same species as that of the 
patient is preferred. Thus, in a preferred embodiment, human antibodies, fragments 
derivatives, analogs, or nucleic acids, are administered to a human patient for therapy or 
prophylaxis. 

[0240] It is preferred to use high affinity and/or potent in vivo inhibiting and/or 
neutralizing antibodies against polypeptides or polynucleotides of the present invention, 
fragments or regions thereof, for both immunoassays directed to and therapy of disorders 
related to polynucleotides or polypeptides, including fragments thereof, of the present 
invention. Such antibodies, fragments, or regions, will preferably have an affinity for 
polynucleotides or polypeptides of the invention, including fragments thereof. Preferred 
binding affinities include those with a dissociation constant or Kd less than 5X10" M, 10" 
2 M, 5 X 10" 3 M, 10" 3 M, 5 X 1<T* M, 10" 4 M, 5 X 10" 5 M, 10" 5 M, 5 X 10" 6 M, 10" 6 M, 5 X 
10" 7 M, 10" 7 M, 5 X 10- 8 M, 10- 8 M, 5 X 10" 9 M, 10" 9 M, 5 X 10" 10 M, 10" 10 M, 5 X 10" 1 ' M, 
10"" M, 5 X 10" 12 M, lO" 12 M, 5 X 10" 13 M, 10" 13 M, 5 X 10" 14 M, 10" 14 M, 5 X 10" 15 M, 
and 10" I5 M. - 

Gene Therapy ■ • 

[0241] In a specific embodiment, nucleic acids comprising sequences encoding 
antibodies or functional derivatives thereof, are administered to treat, inhibit or prevent a 
disease or disorder associated with aberrant expression and/or activity of a polypeptide of 
the invention, by way of gene therapy. Gene therapy refers to therapy performed by the 
administration to a subject of an expressed or expressible nucleic acid. In this 
embodiment of the invention, the nucleic acids produce their encoded protein that 

mediates a-therapeutie effect. - - 

[0242] Any of the methods for gene therapy available in the art can be used according 
to the present invention. Exemplary methods are described below. 

[0243] For general reviews of the methods of gene therapy, see Goldspiel et al., 
Clinical Pharmacy 12:488-505 (1993); Wu and Wu, Biotherapy 3:87-95 (1991); 
Tolstoshev, Ann. Rev. Pharmacol. Toxicol. 32:573-596 (1993); Mulligan, Science 



110 



260:926-932 (1993); and Morgan and Anderson, Ann. Rev. Biochem. 62:191-217 (1993); 
May, TIBTECH 1 1(5): 155-215 (1993). Methods commonly known in the art of 
recombinant DNA technology which can be used are described in Ausubel et al. (eds.), 
Current Protocols in Molecular Biology, John Wiley & Sons, NY (1993); and Kriegler, 
Gene Transfer and Expression, A Laboratory Manual, Stockton Press, NY (1990). 
[0244] In a preferred aspect, the compound comprises nucleic acid sequences 
encoding an antibody, said nucleic acid sequences being part of expression vectors that 
express the antibody or fragments or chimeric proteins or heavy or light chains thereof in a 
suitable host. In particular, such nucleic acid sequences have promoters operably linked to 
the antibody coding region, said promoter being inducible or constitutive, and, optionally, 
tissue- specific. In another particular embodiment, nucleic acid molecules are used in 
which the antibody coding sequences and any other desired sequences are flanked by 
regions that promote homologous recombination at a desired site in the genome, thus 
providing for intrachromosomal expression of the antibody encoding nucleic acids (Roller 
and Smithies, Proc. Natl. Acad. Sci. USA 86:8932-8935 (1989); Zijlstra et al., Nature 
342:435-438 (1989). In specific embodiments, the expressed antibody molecule is a 
single chain antibody; alternatively, the nucleic acid sequences include sequences 
encoding both the heavy and light chains, or fragments thereof, of the antibody. 
[0245] Delivery of the nucleic acids into a patient may be either direct, in which case 
the patient is directly exposed to the nucleic acid or nucleic acid- carrying vectors, or 
indirect, in which case, cells are first transformed with the nucleic acids in vitro, then 
transplanted into the patient. These two approaches are known, respectively, as in vivo or 
ex vivo gene therapy. 

[0246] In a specific embodiment, the nucleic acid sequences are directly administered 
in vivo, where it is expressed to produce the encoded product. This can be accomplished 
by any of numerous methods known in the art, e.g., by constructing them as part of an 
appropriate nucleic acid expression vector _and_ administering it so that they become_ 
intracellular, e.g., by infection using defective or attenuated retrovirals or other viral 
vectors (see U.S. Patent No. 4,980,286), or by direct injection of naked DNA, or by use of 
microparticle bombardment (e.g., a gene gun; Biolistic, Dupont), or coating with lipids or 
cell-surface receptors or transfecting agents, encapsulation in liposomes, microparticles, or 
microcapsules, or by administering them in linkage to a peptide which is known to enter 
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the nucleus, by administering it in linkage to a ligand subject to receptor-mediated 
endocytosis (see, e.g., Wu and Wu, J. Biol. Chem. 262:4429-4432 (1987)) (which can be 
used to target cell types specifically expressing the receptors), etc. In another 
embodiment, nucleic acid-ligand complexes can be formed in which the ligand comprises 
a fusogenic viral peptide to disrupt endosomes, allowing the nucleic acid to avoid 
lysosomal degradation. In yet another embodiment, the nucleic acid can be targeted in 
vivo for cell specific uptake and expression, by targeting a specific receptor (see, e.g., PCT 
Publications WO 92/06180; WO 92/22635; WO92/20316; W093/14188, WO 93/20221). 
Alternatively, the nucleic acid can be introduced intracellular^ and incorporated within 
host cell DNA for expression, by homologous recombination (Koller and Smithies, Proc. 
Natl. Acad. Sci. USA 86:8932-8935 (1989); Zijlstra et al., Nature 342:435-438 (1989)). 
[0247] In a specific embodiment, viral vectors that contains nucleic acid sequences 
encoding an antibody of the invention are used. For example, a retroviral vector can be 
used (see Miller et al., Meth. Enzymol. 217:581-599 (1993)). These retroviral vectors 
contain the components necessary for the correct packaging of the viral genome and 
integration into the host cell DNA. The nucleic acid sequences encoding the antibody to 
be used in gene therapy are cloned into one or more vectors, which facilitate delivery of 
the gene into a patient. More detail about retroviral vectors can be found-in Boesen et al., 
Biotherapy 6:291-302 (1994), which describes the use of a retroviral, vector to deliver the 
mdrl gene to hematopoietic stem cells in order to make the stem cells more resistant to 
chemotherapy. Other references illustrating the use of retroviral vectors in gene therapy 
are: Clowes et al., J. Clin. Invest. 93:644-651 (1994); Kiem et al., Blood 83:1467-1473 
(1994); Salmons and Gunzberg, Human Gene Therapy 4:129-141 (1993); and Grossman 
and Wilson, Curr. Opin. in Genetics and Devel. 3:1 10-1 14 (1993). 

[0248] Adenoviruses are other viral vectors that can be used in gene therapy. 
Adenoviruses are especially attractive vehicles for delivering genes to respiratory 
epitheliar Adenoviruses-naturally infect-respiratory epithelia where they__cause a_mild 
disease. Other targets for adenovirus-based delivery systems are liver, the central nervous 
system, endothelial cells, and muscle. Adenoviruses have the advantage of being capable 
of infecting non-dividing cells. Kozarsky and Wilson, Current Opinion in Genetics and 
Development 3:499-503 (1993) present a review of adenovirus-based gene therapy. Bout 
et al., Human Gene Therapy 5:3-10 (1994) demonstrated the use of adenovirus vectors to 
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transfer genes to the respiratory epithelia of rhesus monkeys. Other instances of the use of 
adenoviruses in gene therapy can be found in Rosenfeld et al., Science 252:431-434 
(1991); Rosenfeld et al., Cell 68:143- 155 (1992); Mastrangeli et al., J. Clin. Invest. 
91:225-234 (1993); PCT Publication W094/12649; and Wang, et al., Gene Therapy 
2:775-783 (1995). In a preferred embodiment, adenovirus vectors are used. . 
[0249] Adeno-associated virus (AAV) has also been proposed for use in gene therapy 
(Walsh et al., Proc. Soc. Exp. Biol. Med. 204:289-300 (1993); U.S. Patent No. 5,436,146). 
[0250] Another approach to gene therapy involves transferring a gene to cells in tissue 
culture by such methods as electroporation, lipofection, calcium phosphate mediated 
transfection, or viral infection. Usually, the method of transfer includes the transfer of a 
selectable marker to the cells. The cells are then placed under selection to isolate those 
cells that have taken up and are expressing the transferred gene. Those cells are then 
delivered to a patient. 

[0251] In this embodiment, the nucleic acid is introduced into a cell prior to 
administration in vivo of the resulting recombinant cell. Such introduction can be carried 
out by any method known in the art, including but not limited to transfection, 
electroporation, microinjection, infection with a viral or bacteriophage vector containing 
the nucleic acid sequences, cell fusion, chromosome-mediated gene transfer, microcell- 
mediated gene transfer, spheroplast fusion, etc. Numerous techniques are known in the 
art for the introduction of foreign genes into cells (see, e.g., Loeffler and Behr, Meth. 
Enzymol. 217:599-618 (1993); Cohen et al., Meth. Enzymol. 217:618-644 (1993); Cline, 
Pharmac. Ther. 29:69-92m (1985) and may be used in accordance with the present 
invention, provided that the necessary developmental and physiological functions of the 
recipient cells are not disrupted. The technique should provide for the stable transfer of 
the nucleic acid to the cell, so that the nucleic acid is expressible by the cell and preferably 
heritable and expressible by its cell progeny. 

[0252] The. resulting, recombinant cells. . can be delivered to a patient by various 
methods known in the art. Recombinant blood cells (e.g., hematopoietic stem or 
progenitor cells) are preferably administered intravenously. .The amount of cells 
envisioned for use depends on the desired effect, patient state, etc., and can be determined 
by one skilled in the art. 
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[0253] Cells into which a nucleic acid can be introduced for purposes of gene therapy 
encompass any desired, available cell type, and include but are not limited to epithelial 
cells, endothelial cells, keratinocytes, fibroblasts, muscle cells, hepatocytes; blood cells 
such as Tlymphocytes, Blymphocytes, monocytes, macrophages, neutrophils, eosinophils, 
megakaryocytes, granulocytes; various stem or progenitor cells, in particular 
hematopoietic stem or progenitor cells, e.g., as obtained from bone marrow, umbilical 
cord blood, peripheral blood, fetal liver, etc. 

[0254] In a preferred embodiment, the cell used for gene therapy is autologous to the 
patient. 

[0255] In an embodiment in which recombinant cells are used in gene therapy, nucleic 
acid sequences encoding an antibody are introduced into the cells such that they are 
expressible by the cells or their progeny, and the recombinant cells are then administered 
in vivo for therapeutic effect. In a specific embodiment, stem or progenitor cells are used. 
Any stem and/or progenitor cells which can be isolated and maintained in vitro can 
potentially be used in accordance with this embodiment of the present invention (see e.g. 
PCT Publication WO 94/08598; Stemple and Anderson, Cell 71:973-985 (1992); 
Rheinwald, Meth. Cell Bio. 21A:229 (1980); and Pittelkow and Scott, Mayo Clinic Proc. 
61:771 (1986)). 

[0256] In a specific embodiment, the nucleic acid to be introduced for purposes of 
gene therapy comprises an inducible promoter operably linked to the coding region, such 
that expression of the nucleic acid is controllable by controlling the presence or absence of 
the appropriate inducer of transcription. Demonstration of Therapeutic or Prophylactic 
Activity 

[0257] The compounds or pharmaceutical compositions of the invention are preferably 
tested in vitro, and then in vivo for the desired therapeutic or prophylactic activity, prior to 
use in humans. For example, in vitro assays to demonstrate the therapeutic or prophylactic 
utility of a compound or-pharmaceutical comppsitioninclude,. the dTect o f a compound on 
a cell line or a patient tissue sample. The effect of the compound or composition on the 
cell line and/or tissue sample can be determined utilizing techniques known to those of 
skill in the art including, but not limited to, rosette formation assays and cell lysis assays. 
In accordance with the invention, in vitro assays which can be used to determine whether 
administration of a specific compound is indicated, include in vitro cell culture assays in 
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which a patient tissue sample is grown in culture, and exposed to or otherwise 
administered a compound, and the effect of such compound upon the tissue sample is 
observed. 

Therapeutic/Prophylactic Administration and Composition 

[0258] The invention provides methods of treatment, inhibition and prophylaxis by 
administration to a subject of an effective amount of a compound or pharmaceutical 
composition of the invention, preferably an antibody of the invention. ■ In a preferred 
aspect, the compound is substantially purified (e.g., substantially free from substances 
that limit its effect or produce undesired side-effects). The subject is preferably an animal, 
including but not limited to animals such as cows, pigs, horses, chickens, cats, dogs, etc., 
and is preferably a mammal, and most preferably human. 

[0259] Formulations and methods of administration that can be employed when the 
compound comprises a nucleic acid or an immunoglobulin are described above; additional 
appropriate formulations and routes of administration can be selected from among those 
described herein below. 

[0260] Various delivery systems are known and can be used to administer a compound 
of the invention, e.g., encapsulation in liposomes, micropafticles, microcapsules, 
recombinant cells capable of expressing the compound, receptor-mediated endocytosis 
(see, e.g., Wu and Wu, J. Biol. Chem. 262:4429-4432 (1987)), construction of a nucleic 
acid as part of a retroviral or other vector, etc. Methods of introduction include but are not 
limited to intradermal, intramuscular, intraperitoneal, intravenous, subcutaneous, 
intranasal, epidural, and oral routes. The compounds or compositions may be 
administered by any convenient route, for example by infusion or bolus injection, by 
absorption through epithelial or mucocutaneous linings (e.g., oral mucosa, rectal and 
intestinal mucosa, etc.) and may be administered together with other biologically active 
.agents.. .Administration can_be systemic or Jocal. In addition, it may be desirable to 
introduce the pharmaceutical compounds or compositions of the invention into the central 
nervous system by any suitable route, including intraventricular and intrathecal injection; 
intraventricular injection may be facilitated by an intraventricular catheter, for example, 
attached to a reservoir, such as an Ommaya reservoir. Pulmonary administration can also 
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be employed, e.g., by use of an inhaler or nebulizer, and formulation with an aerosolizing 
agent. 

[0261] In a specific embodiment, it may be desirable to administer the pharmaceutical 
compounds or compositions of the invention locally to the area in need of treatment; this 
may be achieved by, for example, and not by way of limitation, local infusion during 
surgery, topical application, e.g., in conjunction with a wound dressing after surgery, by 
injection, by means of a catheter, by means of a suppository, or by means of an implant, 
said implant being of a porous, non-porous, or gelatinous material, including membranes, 
such as sialastic membranes, or fibers. Preferably, when administering a protein, 
including an antibody, of the invention, care must be taken to use materials to which the 
protein does not absorb. 

[0262] In another embodiment, the compound or composition can be delivered in a 
vesicle, in particular a liposome (see Langer, Science 249:1527-1533 (1990); Treat et al., 
in Liposomes in the Therapy of Infectious Disease and Cancer, Lopez-Berestein and Fidler 
(eds.), Liss, New York, pp. 353- 365 (1989); Lopez-Berestein, ibid., pp. 317-327; see 
generally ibid.) 

[0263] In yet another embodiment, the compound or composition can be delivered in a 
controlled release system. In one embodiment, a pump may be used (see Langer, supra; 
Sefton, CRC Crit. Ref. Biomed. Eng. 14:201 (1987); Buchwald et al., Surgery 88:507 
(1980); Saudek et al., N. Engl. J. Med. 321:574 (1989)). In another embodiment, 
polymeric materials can be used (see Medical Applications of Controlled Release, Langer 
and Wise (eds.), CRC Pres., Boca Raton, Florida (1974); Controlled Drug Bioavailability, 
Drug Product Design and Performance, Smolen and Ball (eds.), Wiley, New York (1984); 
Ranger and Peppas, J., Macromol. Sci. Rev. Macromol. Chem. 23:61 (1983); see also 
Levy et al., Science 228:190 (1985); During et al., Ann. Neurol. 25:351 (1989); Howard et 
al., J.Neurosurg. 71:105 (1989)). In yet another embodiment, a controlled release system 
-can be placed in proximity of the therapeutic target, i.e., the brain,_thus requiring_only a 
fraction of the systemic dose (see, e.g., Goodson, in Medical Applications of Controlled 
Release, supra, vol. 2, pp. 1 15-138 (1984)). 

[0264] Other controlled release systems are discussed in the review by Langer 
(Science 249:1527-1533 (1990)). 
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[0265] In a specific embodiment where the compound of the invention is a nucleic 
acid encoding a protein, the nucleic acid can be administered in vivo to promote 
expression of its encoded protein, by constructing it as part of an appropriate nucleic acid 
expression vector and administering it so that it becomes intracellular, e.g., by use of a 
retroviral vector (see U.S. Patent No. 4,980,286), or by direct injection, or by use of 
microparticle bombardment (e.g., a gene gun; Biolistic, Dupont), or coating with lipids or 
cell-surface receptors or transfecting agents, or by administering it in linkage to a 
homeobox- like peptide which is known to enter the nucleus (see e.g., Joliot et al., Proc. 
Natl. Acad. Sci. USA 88:1864-1868 (1991)), etc. Alternatively, a nucleic acid can be 
introduced intracellular^ and incorporated within host cell DNA for expression, by 
homologous recombination. 

[0266] The present invention also provides pharmaceutical compositions. Such 
compositions comprise a therapeutically effective amount of a compound, and a 
pharmaceutically acceptable carrier. In a specific embodiment, the term 
"pharmaceutically acceptable" means approved by a regulatory agency of the Federal or a 
state government or listed in the U.S. Pharmacopeia or other generally recognized 
pharmacopeia for use in animals, and more particularly in humans. The term "carrier" 
refers to a diluent, adjuvant, excipient, or vehicle with which the therapeutic is 
administered. Such pharmaceutical carriers can be sterile liquids, such as water and oils, 
including those of petroleum, animal, vegetable or synthetic origin, such as peanut oil, 
soybean oil, mineral oil, sesame oil and the like. Water is a preferred carrier when the 
pharmaceutical composition is administered intravenously. Saline solutions and aqueous 
dextrose and glycerol solutions can also be employed as liquid carriers, particularly for 
injectable solutions. Suitable pharmaceutical excipients include starch, glucose, lactose, 
sucrose, gelatin, malt, rice, flour, chalk, silica gel, sodium stearate, glycerol monostearate, 
talc, sodium chloride, dried skim milk, glycerol, propylene, glycol, water, ethanol and the 
-like^ -The composition, if- desired, can als.o_ contain _minqr amounts of wetting or_ 
emulsifying agents, or pH buffering agents. These compositions can take the form of 
solutions, suspensions, emulsion, tablets, pills, capsules, powders, sustained-release 
formulations and the like. The composition can be formulated as a suppository, with 
traditional binders and carriers such as triglycerides. Oral formulation can include 
standard carriers such as pharmaceutical grades of mannitol, lactose, starch, magnesium 
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stearate, sodium saccharine, cellulose, magnesium carbonate, etc. Examples of suitable 
pharmaceutical carriers are described in "Remington's Pharmaceutical Sciences" by E.W. 
Martin. Such compositions will contain a therapeutically effective amount of the 
compound, preferably in purified form, together with a suitable amount of carrier so as to 
provide the form for proper administration to the patient. The formulation should suit the 
mode of administration. 

[0267] In a preferred embodiment, the composition is formulated in accordance with 
routine procedures as a pharmaceutical composition adapted for intravenous 
administration to human beings. Typically, compositions for intravenous administration 
are solutions in sterile isotonic aqueous buffer. Where necessary, the composition may 
also include a solubilizing agent and a local anesthetic such as lignocaine to ease pain at 
the site of the injection. Generally, the ingredients are supplied either separately or mixed 
together in unit dosage form, for example, as a dry lyophilized powder or water free 
concentrate in a hermetically sealed container such as an ampoule or sachette indicating 
the quantity of active agent. Where the composition is to be administered by infusion, it 
can be dispensed with an infusion bottle containing sterile pharmaceutical grade water or 
saline. Where the composition is administered by injection, an ampoule of sterile water 
for injection or saline can be provided so that the ingredients may be mixed prior to 
administration. 

[0268] The compounds of the invention can be formulated as neutral or salt forms. 
Pharmaceutically acceptable salts include those formed with anions such as those derived 
from hydrochloric, phosphoric, acetic, oxalic, tartaric acids, etc., and those formed with 
cations such as those derived from sodium, potassium, ammonium, calcium, ferric, 
hydroxides, isopropylamine, triethylamine, 2-ethylamino ethanol, histidine, procaine, etc. 
[0269] The amount of the compound of the invention which will be effective in the 
treatment, inhibition and prevention of a disease or disorder associated with aberrant 
- expression-and/or activity of a polypeptide of the. invention canbe determinedby standard^ 
clinical techniques. In addition, in vitro assays may optionally be employed to help 
identify optimal dosage ranges. The precise dose to be employed in the formulation will 
also depend on the route of administration, and the seriousness of the disease or disorder, 
and should be decided according to the judgment of the practitioner and each patient's 
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circumstances. Effective doses may be extrapolated from dose-response curves derived 
from in vitro or animal model test systems. 

[0270] For antibodies, the dosage administered to a patient is typically 0.1 mg/kg to 
100 mg/kg of the patient's body weight. Preferably, the dosage administered to a patient 
is between 0.1 mg/kg and 20 mg/kg of the patient's body weight, more preferably 1 mg/kg 
to 10 mg/kg of the patient's body weight. Generally, human antibodies have a longer half- 
life within the human body than antibodies from other species due to the immune response 
to the foreign polypeptides. Thus, lower dosages of human antibodies and less frequent 
administration is often possible. Further, the dosage and frequency of administration of 
antibodies of the invention may be reduced by enhancing uptake and tissue penetration 
(e.g., into the brain) of the antibodies by modifications such as, for example, lipidation. 
[0271] The invention also provides a pharmaceutical pack or kit comprising one or 
more containers filled with one or more of the ingredients of the pharmaceutical 
compositions of the invention. Optionally associated with such container(s) can be a 
notice in the form prescribed by a governmental agency regulating the manufacture, use or 
sale of pharmaceuticals or biological products, which notice reflects approval by the 
agency of manufacture, use or sale for human administration. 

Diagnosis and Imaging 

[0272] Labeled antibodies, and derivatives and analogs thereof, which specifically 
bind to a polypeptide of interest can be used for diagnostic purposes to detect, diagnose, or 
monitor diseases, disorders, and/or conditions associated with the aberrant expression 
and/or activity of a polypeptide of the invention. The invention provides for the detection 
of aberrant expression of a polypeptide of interest, comprising (a) assaying the expression 
of the polypeptide of interest in cells or body fluid of an individual using one or more 
antibodies specific to the polypeptide interest and (b) comparing the level of gene 
- expression with-a standard- gene-expression level,-whereby_an increase or decrease injhe 
assayed polypeptide gene expression level compared to the standard expression level is 
indicative of aberrant expression. 

[0273] The invention provides a diagnostic assay for diagnosing a disorder, 
comprising (a) assaying the expression of the polypeptide of interest in cells or body fluid 
of an individual using one or more antibodies specific to the polypeptide interest and (b) 
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comparing the level of gene expression with a standard gene expression level, whereby an 
increase or decrease in the assayed polypeptide gene expression level compared to the 
standard expression level is indicative of a particular disorder. With respect to cancer, the 
presence of a relatively high amount of transcript in biopsied tissue from an individual 
may indicate a predisposition for the development of the disease, or may provide a means 
for detecting the disease prior to the appearance of actual clinical symptoms. A more 
definitive diagnosis of this type may allow health professionals to employ preventative 
measures or aggressive treatment earlier thereby preventing the development or further 
progression of the cancer. 

[0274] Antibodies of the invention can be used to assay protein levels in a biological 
sample using classical immunohistological methods known to those of skill in the art 
(e.g., see Jalkanen, et ah, J. Cell. Biol. 101:976-985 (1985); Jalkanen, et aL, J. Cell . Biol. 
105:3087-3096 (1987)). Other antibody-based methods useful for detecting protein gene 
expression include immunoassays, such as the enzyme linked immunosorbent assay 
(ELISA) and the radioimmunoassay (RIA). Suitable antibody assay labels are known in 
the art and include enzyme labels, such as, glucose oxidase; radioisotopes, such as iodine 
(1251, 1211), carbon (14C), sulfur (35S), tritium (3H), indium (112In), and technetium 
(99Tc); luminescent labels, such as luminol; and fluorescent labels, such as fluorescein 
and rhodamine, and biotin. 

[0275] One aspect of the invention is the detection and diagnosis of a disease or 
disorder associated with aberrant expression of a polypeptide of interest in an animal, 
preferably a mammal and most preferably a human. In one embodiment, diagnosis 
comprises: a) administering (for example, parenterally, subcutaneously, or 
intraperitoneal^) to a subject an effective amount of a labeled molecule which specifically 
binds to the polypeptide of interest; b) waiting for a time interval following the 
administering for permitting the labeled molecule to preferentially concentrate at sites in 
the-subject where the polypeptide -is-expressed-(and for unbound labeled molecule. to be_ 
cleared to background level); c) determining background level; and d) detecting the 
labeled molecule in the subject, such that detection of labeled molecule above the 
background level indicates that the subject has a particular disease or disorder associated 
with aberrant expression of the polypeptide of interest. Background level can be 
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determined by various methods including, comparing the amount of labeled molecule 
detected to a standard value previously determined for a particular system. 
[0276] It will be understood in the art that the size of the subject and the imaging 
system used will determine the quantity of imaging moiety needed to produce diagnostic 
images. In the case of a radioisotope moiety, for a human subject, the quantity of 
radioactivity injected will normally range from about 5 to 20 millicuries of 99mTc. The 
labeled antibody or antibody fragment will then preferentially accumulate at the location 
of cells which contain the specific protein. In vivo tumor imaging is described in S.W. 
Burchiel et al., "Immunopharmacokinetics of Radiolabeled Antibodies and Their 
Fragments." (Chapter 13 in Tumor Imaging: The Radiochemical Detection of Cancer, 
S.W. Burchiel and B. A. Rhodes, eds., Masson Publishing Inc. (1982). 
[0277] Depending on several variables, including the type of label used and the mode 
of administration, the time interval following the administration for permitting the labeled 
molecule to preferentially concentrate at sites in the subject and for unbound labeled 
molecule to be cleared to background level is 6 to 48 hours or 6 to 24 hours or 6 to 12 
hours. In another embodiment the time interval following administration is 5 to 20 days or 
5 to 10 days. 

[0278] In an embodiment, monitoring of the disease or disorder is carried out by 
repeating the method for diagnosing the disease or disease, for example, one month after 
initial diagnosis, six months after initial diagnosis, one year after initial diagnosis, etc. 
[0279] Presence of the labeled molecule can be detected in the patient using methods 
known in the art for in vivo scanning. These methods depend upon the type of label used. 
Skilled artisans will be able to determine the appropriate method for detecting a particular 
label. Methods and devices that may be used in the diagnostic methods of the invention 
include, but are not limited to, computed tomography (CT), whole body scan such as 
position emission tomography (PET), magnetic resonance imaging (MRI), and 

.sonography. _ . : 

[0280] In a specific embodiment, the. molecule is labeled with a radioisotope and is 
detected in the patient using a radiation responsive surgical instrument (Thurston et al., 
U.S. Patent No. 5,441,050). In another embodiment, the molecule is labeled with a 
fluorescent compound and is detected in the patient using a fluorescence responsive 
scanning instrument.. In another embodiment, the molecule is labeled with a positron 
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emitting metal and is detected in the patent using positron emission-tomography. In yet 
another embodiment, the molecule is labeled with a paramagnetic label and is detected in a 
patient using magnetic resonance imaging (MRI). 

Kits 

[0281] The present invention provides kits that can be used in the above methods. In 
one embodiment, a kit comprises an antibody of the invention, preferably a purified 
antibody, in one or more containers. In a specific embodiment, the kits of the present 
invention contain a substantially isolated polypeptide comprising an epitope which is 
specifically immunoreactive with an antibody included in the kit. Preferably, the kits of 
the present invention further comprise a control antibody which does not react with the 
polypeptide of interest. In another specific embodiment, the kits of the present invention 
contain a means for detecting the binding of an antibody to a polypeptide of interest (e.g., 
the antibody may be conjugated to a detectable substrate such as a fluorescent compound, 
an enzymatic substrate, a radioactive compound or a luminescent compound, or a second 
antibody which recognizes the first antibody may be conjugated to a detectable substrate). 
[0282] In another specific embodiment of the present invention, the kit is a diagnostic 
kit for use in screening serum containing antibodies specific against proliferative and/or 
cancerous polynucleotides and polypeptides. Such a kit may include a control antibody 
that does not react with the polypeptide of interest. Such a kit may include a substantially 
isolated polypeptide antigen comprising an epitope which is specifically immunoreactive 
with at least one anti-polypeptide antigen antibody. Further, such a kit includes means for 
detecting the binding of said antibody to the antigen (e.g., the antibody may be conjugated 
to a fluorescent compound such as fluorescein or rhodamine which can be detected by 
flow cytometry). In specific embodiments, the kit may include a recombinantly produced 
or chemically synthesized polypeptide antigen. The polypeptide antigen of the kit may 

also be-attached to_a solid_support. _ _ __ ._.„. _ 

[0283] In a more specific embodiment the detecting means of the above-described kit 
includes a solid support to which said polypeptide antigen is attached. Such a kit may also 
include a non-attached reporter-labeled anti-human antibody. In this embodiment, binding 
of the antibody to the polypeptide antigen can be detected by binding of the said reporter- 
labeled antibody. 
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[0284] In an additional embodiment, the invention includes a diagnostic kit for use in 
screening serum containing antigens of the polypeptide of the invention. The diagnostic kit 
includes a substantially isolated antibody specifically immunoreactive with polypeptide or 
polynucleotide antigens, and means for detecting the binding of the polynucleotide or 
polypeptide antigen to the antibody. In one embodiment, the antibody is attached to a solid 
support. In a specific embodiment, the antibody may be a monoclonal antibody. The 
detecting means of the kit may include a second, labeled monoclonal antibody. 
Alternatively, or in addition, the detecting means may include a labeled, competing 
antigen. 

[0285] In one diagnostic configuration, test serum is reacted with a solid phase reagent 
having a surface-bound antigen obtained by the methods of the present invention. After 
binding with specific antigen antibody to the reagent and removing unbound serum 
components by washing, the reagent is reacted with reporter-labeled anti-human antibody 
to bind reporter to the reagent in proportion to the amount of bound anti-antigen antibody 
on the solid support. The reagent is again washed to remove unbound labeled antibody, 
and the amount of reporter associated with the reagent is determined. Typically, the 
reporter is an enzyme which is detected by incubating the solid phase in the presence of a 
suitable fluorometric, luminescent or colorimetric substrate (Sigma, St. Louis, MO). 
[0286] The solid surface reagent in the above assay is prepared by known techniques 
for attaching protein material to solid support material, such as polymeric beads, dip 
sticks, 96-well plate or filter material. These attachment methods generally include non- 
specific adsorption of the protein to the support or covalent attachment of the protein, 
typically through a free amine group, to a chemically reactive group on the solid support, 
such as an activated carboxyl, hydroxyl, or aldehyde group. Alternatively, streptavidin 
coated plates can be used in conjunction with biotinylated antigen(s). 

[0287] Thus, the invention provides an assay system or kit for carrying out this 
diagnostic method^The kit generally includes^ support, withsurface- boundrecombinant 
antigens, and a reporter-labeled anti-human antibody for detecting surface-bound anti- 
antigen antibody. 

Diagnostic Assays 

[0288] The present invention further relates to methods for assaying staphylococcal 
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infection in an animal by detecting the expression of genes encoding staphylococcal 
polypeptides of the present invention. The methods comprise analyzing tissue or body 
fluid from the animal for Staphylococcus-specific antibodies, nucleic acids, or proteins. 
Analysis of nucleic acid specific to Staphylococcus is assayed by PCR or hybridization 
techniques using nucleic acid sequences of the present invention as either hybridization 
probes or primers. See, e.g., Sambrook et al. Molecular cloning: A Laboratory Manual 
(Cold Spring Harbor Laboratory Press, 2nd ed., 1989, page 54 reference); Eremeeva et al. 
(1994) J. Clin. Microbiol. 32:803-810 (describing differentiation among spotted fever 
group Rickettsiae species by analysis of restriction fragment length polymorphism of 
PCR-amplified DNA) and Chen et al. 1994 J. Clin. Microbiol. 32:589-595 (detecting 
bacterial nucleic acids via PCR). 

[0289J Where diagnosis of a disease state related to infection with Staphylococcus has 
already been made, the present invention is useful for monitoring progression or 
regression of the disease state by measuring the amount of Staphylococcus -cells present in 
a patient or whereby patients exhibiting enhanced Staphylococcus gene expression will 
experience a worse clinical outcome relative to patients expressing these gene(s) at a lower 
level. . 

[0290] By "biological sample" is intended any biological sample obtained from an 
animal, cell line, tissue culture, or other source which contains Staphylococcus 
polypeptide, mRNA, or DNA. Biological samples include body fluids (such as saliva, 
blood, plasma, urine, mucus, synovial fluid, etc.) tissues (such as muscle, skin, and 
cartilage) and any other biological source suspected of containing Staphylococcus 
polypeptides or nucleic acids. Methods for obtaining biological samples such as tissue are 
well known in the art. 

[0291] The present invention is useful for detecting diseases related to Staphylococcus 
infections in animals. Preferred animals include monkeys, apes, cats, dogs, birds, cows, 

pigs, mice,- horses 5 _rahbits„and humans. . Particularly_preferred are humans. 

[0292] Total RNA can be isolated from a biological sample using any suitable 
technique such as the single-step guanidinium-thiocyanate-phenol-chloroform method 
described in Chomczynski et al. (1987) Anal. Biochem. 162:156-159. mRNA encoding 
Staphylococcus polypeptides having sufficient homology to the nucleic acid sequences 
identified in Table 1 to allow for hybridization between complementary sequences are 
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then assayed using any appropriate method. These include Northern blot analysis, SI 
nuclease mapping, the polymerase chain reaction (PCR), reverse transcription in 
combination with the polymerase chain reaction (RT-PCR), and reverse transcription in 
combination with the ligase chain reaction (RT-LCR). 

[0293] Northern blot analysis can be performed as described in Harada et al. (1990) 
Cell 63:303-312. Briefly, total RNA is prepared from a biological sample as described 
above. For the Northern blot, the RNA is denatured in an appropriate buffer (such as 
glyoxal/dimethyl sulfoxide/sodium phosphate buffer), subjected to agarose gel 
electrophoresis, and transferred onto a nitrocellulose filter. After the RNAs have been 
linked to the filter by a UV linker, the filter is prehybridized in a solution containing 
formamide, SSC, Denhardt's solution, denatured salmon sperm, SDS, and sodium 
phosphate buffer. A S. aureus polynucleotide sequence shown in Table 1 labeled 
according to any appropriate method (such as the 32 P-multiprimed DNA labeling system 
(Amersham)) is used as probe. After hybridization overnight, the filter is washed and 
exposed to x-ray film. DNA for use as probe according to the present invention is 
described in the sections above and will preferably at least 1 5 nucleotides in length. 
[0294] SI mapping can be performed as described in Fujita et al. (1987) Cell 
49:357-367. To prepare probe DNA for use in SI mapping, the sense strand of an 
above-described S. aureus DNA sequence of the present invention is used as a template to 
synthesize labeled antisense DNA. The antisense DNA can then be digested using an 
appropriate restriction endonuclease to generate further DNA probes of a desired length. 
Such antisense probes are useful for visualizing protected bands corresponding to the 
target mRN A (/. e. , mRNA encoding polypeptides of the present invention). 
[0295] Levels of mRNA encoding Staphylococcus polypeptides are assayed, for e.g., 
using the RT-PCR method described in Makino et al. (1990) Technique 2:295-301. By 
this method, the radioactivities of the "amplicons" in the polyacrylamide gel bands are 
-linearly related to-the initial concentration of the. target mRNA. Briefly, this method 
involves adding total RNA isolated from a biological sample in a reaction mixture 
containing a RT primer and appropriate buffer. After incubating for primer annealing, the 
mixture can be supplemented with a RT buffer, dNTPs, DTT, RNase inhibitor and reverse 
transcriptase. After incubation to achieve reverse transcription of the RNA, the RT 
products are then subject to PCR using labeled primers. Alternatively, rather than labeling 
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the primers, a labeled dNTP can be included in the PCR reaction mixture. PCR 
amplification can be performed in a DNA thermal cycler according to conventional 
techniques. After a suitable number of rounds to achieve amplification, the PCR reaction 
mixture is electrophoresed on a polyacrylamide gel. After drying the gel, the radioactivity 
of the appropriate bands (corresponding to the mRNA encoding the Staphylococcus 
polypeptides of the present invention) are quantified using an imaging analyzer. RT and 
PCR reaction ingredients and conditions, reagent and gel concentrations, and labeling 
methods are well-known in the art. Variations on the RT-PCR method will be apparent to 
the skilled artisan. Other PCR methods that can detect the nucleic acid of the present 
invention can be found in PCR PRIMER: A LABORATORY MANUAL (C.W. 
Dieffenbach et al. eds., Cold Spring Harbor Lab Press, 1995). 

[0296] The polynucleotides of the present invention, including both DNA and RNA, 
may be used to detect polynucleotides of the present invention or Staphylococcus species 
including S. aureus using bio chip technology. The present invention includes both high 
density chip arrays (>1000 oligonucleotides per cm 2 ) and low density chip arrays (<1000 
oligonucleotides per cm 2 ). Bio chips comprising arrays of polynucleotides of the present 
invention may be used to detect Staphylococcus species, including S aureus, in biological 
and environmental samples and to diagnose an animal, including humans, with an S. 
aureus or other Staphylococcus infection. The bio chips of the present invention may 
comprise polynucleotide sequences of other pathogens including bacteria, viral, parasitic, 
and fungal polynucleotide sequences, in addition to the polynucleotide sequences of the 
present invention, for use in rapid differential pathogenic detection and diagnosis. The bio 
chips can also be used to monitor an S. aureus or other Staphylococcus infections and to 
monitor the genetic changes (deletions, insertions, mismatches, etc.) in response to drug 
therapy in the clinic and drug development in the laboratory. The bio chip technology 
comprising arrays of polynucleotides of the present invention may also be used to 
simultaneously monitor the expression of a multiplicity_of genes, including those of the 
present invention. The polynucleotides used to comprise a selected array may be specified 
in the same manner as for the fragments, i.e, by their 5' and 3' positions or length in 
contigious base pairs and include from. Methods and particular uses of the 
polynucleotides of the present invention to detect Staphylococcus species, including S. 
aureus, using bio chip technology include those known in the art and those of: U.S. Patent 
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Nos. 5510270, 5545531, 5445934, 5677195, 5532128, 5556752, 5527681, 5451683, 
5424186, 5607646, 5658732 and World Patent Nos. WO/9710365, WO/9511995, 
WO/9743447, WO/9535505, each incorporated herein in their entireties. 
[0297] Biosensors using the polynucleotides of the present invention may also be used 
to detect, diagnose, and monitor S. aureus or other Staphylococcus species and infections 
thereof. Biosensors using the polynucleotides of the present invention may also be used to 
detect particular polynucleotides of the present invention. Biosensors using the 
polynucleotides of the present invention may also be used to monitor the genetic changes 
(deletions, insertions, mismatches, etc.) in response to drug therapy in the clinic and drug 
development in the laboratory. Methods and particular uses of the polynucleotides of the 
present invention to detect Staphylococcus species, including S. aureus, using biosenors 
include those known in the art and those of: U.S. Patent Nos 5721 102, 5658732, 5631 170, 
and World Patent Nos. WO97/35011, WO/9720203, each incorporated herein in their 
entireties. 

[0298] Thus, the present invention includes both bio chips and biosensors comprising 
polynucleotides of the present invention and methods of their use. 

[0299] A preferred composition of matter comprises isolated nucleic acid molecules 
wherein the nucleotide sequences of said nucleic acid molecules comprise a bio chip or 
biosensor of at least 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 15, 20, 25, 30, 40, 50, 100, 150, 200, 250, 
300, 500, 1000, 2000, 3000 or 4000 nucleotide sequences, wherein at least one sequence 
in said DNA bio chip or biosensor is at least 95% identical to a sequence of at least 50 
contiguous nucleotides in a S. aureus polynucleotide shown in Table 1. the nucleic acid 
molecules can comprise DNA molecules or RNA molecules. 

[0300] Assaying Staphylococcus polypeptide levels in a biological sample can occur 
using any art-known method, such as antibody-based techniques. For example, 
Staphylococcus polypeptide expression in tissues can be studied with classical 
immunohistologieal methods. In these, the specific recognition is. provided by theprimary 
antibody (polyclonal or monoclonal) but the secondary detection system can utilize 
fluorescent, enzyme, or other conjugated secondary antibodies. As a result, an 
immunohistologieal staining of tissue section for pathological examination is obtained. 
Tissues can also be extracted, e.g., with urea and neutral detergent, for the liberation of 
Staphylococcus polypeptides for Western-blot or dot/slot assay. See, e.g., Jalkanen, M. et 
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al. (1985) J. Cell. Biol. 101:976-985; Jalkanen, M. et al. (1987) J. Cell . Biol. 
105:3087-3096. In this technique, which is based on the use of cationic solid phases, 
quantitation of a Staphylococcus polypeptide can be accomplished using an isolated 
Staphylococcus polypeptide as a standard. This technique can also be applied to body 
fluids. 

[0301] Other antibody-based methods useful for detecting Staphylococcus polypeptide 
gene expression include immunoassays, such as the ELISA and the radioimmunoassay 
(RIA). For example, a Staphylococcus polypeptide-specific monoclonal antibodies can be 
used both as an immunoabsorbent and as an enzyme-labeled probe to detect and quantify a 
Staphylococcus polypeptide. The amount of a Staphylococcus polypeptide present in the 
sample can be calculated by reference to the amount present in a standard preparation 
using a linear regression computer algorithm. Such an ELISA is described in Iacobelli et 
al. (1988) Breast Cancer Research and Treatment 1 1:19-30. In another ELISA assay, two 
distinct specific monoclonal antibodies can be used to detect Staphylococcus polypeptides 
in a body fluid. In this assay, one of the antibodies is used as the immunoabsorbent and 
the other as the enzyme-labeled probe. 

[0302] The above techniques may be conducted essentially as a "one-step" or 
"two-step" assay. The "one-step" assay involves contacting the Staphylococcus 
polypeptide with immobilized antibody and, without washing, contacting the mixture with 
the labeled antibody. The "two-step" assay involves washing before contacting the 
mixture with the labeled antibody. Other conventional methods may also be employed as 
suitable. It is usually desirable to immobilize one component of the assay system on a 
support, thereby allowing other components of the system to be brought into contact with 
the component and readily removed from the sample. Variations of the above and other 
immunological methods included in the present, invention can also be found in Harlow et 
al., ANTIBODIES: A LABORATORY MANUAL, (Cold Spring Harbor Laboratory 

-Press r -2nd ed. l988). _ . ._ . _ 

[0303] Suitable enzyme labels include, for example, those from the oxidase group, 
which catalyze the production of hydrogen peroxide by reacting with substrate. Glucose 
oxidase is particularly preferred as it has good stability and its substrate (glucose) is 
readily available. Activity of an oxidase label may be assayed by measuring the 
concentration of hydrogen peroxide formed by the enzyme-labeled antibody/substrate 
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reaction. Besides enzymes, other suitable labels include radioisotopes, such as iodine 
( 125 I, 121 I), carbon ( 14 C), sulphur ( 35 S), tritium ( 3 H), indium ( 1,2 In), and technetium ( 99m Tc), 
and fluorescent labels, such as fluorescein and rhodamine, and biotin. 
[0304] Further suitable labels for the Staphylococcus polypeptide-specific antibodies 
of the present invention are provided below. Examples of suitable enzyme labels include 
malate dehydrogenase, Staphylococcus nuclease, delta-5 -steroid isomerase, yeast-alcohol 
dehydrogenase, alpha-glycerol phosphate dehydrogenase, triose phosphate isomerase, 
peroxidase, alkaline phosphatase, asparaginase, glucose oxidase, beta-galactosidase, 
ribonuclease, urease, catalase, glucose-6-phosphate dehydrogenase, glucoamylase, and 
acetylcholine esterase. 

[0305] Examples of suitable radioisotopic labels include 3 H, 11 'in, I, I, P, S, 
14 C, 51 Cr, "To, 58 Co, 59 Fe, 75 Se, 152 Eu, 90 Y, 67 Cu, 2,7 Ci, 2,, At, 212 Pb, 47 Sc, 109 Pd, etc. U1 ln 
is a preferred isotope where in vivo imaging "is used since its avoids the problem of 
dehalogenation of the ,25 I or ,31 I-labeled monoclonal antibody by the liver. In addition, 
this radionucleotide has a more favorable gamma emission energy for imaging. See, e.g., 
Perkins et al. (1985) Eur. J. Nucl. Med. 10:296-301; Carasquillo et al. (1987) J. Nucl. 
Med. 28:281-287. For example, 11 'in coupled to monoclonal antibodies with 
l-(P-isothiocyanatobenzyl)-DPTA has shown little uptake in non-tumors tissues, 
particularly the liver, and therefore enhances specificity of tumor localization. See, 
Esteban et al. (1987) J. Nucl. Med. 28:861-870. 

[0306] Examples of suitable non-radioactive isotopic labels include 157 Gd, Mn, 
162 Dy, 52 Tr, and 56 Fe. 

[0307] Examples of suitable fluorescent labels include an 152 Eu label, a fluorescein 
label, an isothiocyanate label, a rhodamine label, a phycoerythrin label, a phycocyanin 
label, an allophycocyanin label, an o-phthaldehyde label, and a fiuorescamine label. 
[0308] Examples of suitable toxin labels include, Pseudomonas toxin, diphtheria 

"toxinrricin, and cholera toxin. — — - - — — 

[0309] Examples of chemiluminescent labels include a luminal label, an isoluminal 
label, an aromatic acridinium ester label, an imidazole label, an acridinium salt label, an 
oxalate ester label, a luciferin label, a luciferase label, and an aequorin label. 
[0310] Examples of nuclear magnetic resonance contrasting agents include heavy 
metal nuclei such as Gd, Mn, and iron. • 
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[0311] Typical techniques for binding the above-described labels to antibodies are 
provided by Kennedy et al. (1976) Clin. Chim. Acta 70:1-31, and Schurs et al. (1977) 
Clin. Chim. Acta 81:1-40. Coupling techniques mentioned in the latter are the 
glutaraldehyde method, the periodate method, the ' dimaleimide method, the 
m-maleimidobenzyl-N-hydroxy-succinimide ester method, all of which methods are 
incorporated by reference herein. 

[0312] In a related aspect, the invention includes a diagnostic kit for use in screening 
serum containing antibodies specific against S. aureus infection. Such a kit may include 
an -isolated S. aureus antigen comprising an epitope which is specifically immunoreactive 
with at least one anti-S. aureus antibody. Such a kit also includes means for detecting the 
binding of said antibody to the antigen. In specific embodiments, the kit may include a 
recombinantly produced or chemically synthesized peptide or polypeptide antigen. The 
peptide or polypeptide antigen may be attached to a solid support. 

[0313] In a more specific embodiment, the detecting means of the above-described kit 
includes a solid support to which said peptide or polypeptide antigen is attached. Such a 
kit may also include a non-attached reporter-labeled anti-human antibody. In this 
embodiment, binding of the antibody to the S. aureus antigen can be detected by binding 
of the reporter labeled antibody to the anti-5. aureus polypeptide antibody. 
[0314] In a related aspect, the invention includes a method of detecting S. aureus 
infection in a subject. This detection method includes reacting a body fluid, preferably 
serum, from the subject with an isolated S. aureus antigen, and examining the antigen for 
the presence of bound antibody. In a specific embodiment, the method includes a 
polypeptide antigen attached to a solid support, and serum is reacted with the support. 
Subsequently, the support is reacted with a reporter-labeled anti-human antibody. The 
support is then examined for the presence of reporter-labeled antibody. 
[0315] The solid surface reagent employed in the above assays and kits is prepared by 
-known techniques for attaching protein -material to. solid support material, such_ as 
polymeric beads, dip sticks, 96-well plates or filter material. These attachment methods 
generally include non-specific adsorption of the protein to the support or covalent 
attachment of the protein , typically through a free amine group, to a chemically reactive 
group on the solid support, such as an activated carboxyl, hydroxyl, or aldehyde group. 
Alternatively, streptavidin coated plates can be used in conjunction with biotinylated 
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antigen(s). 

[0316] The polypeptides and antibodies of the present invention, including fragments 
thereof, may be used to detect Staphylococcus species including S. aureus using bio chip 
and biosensor technology. Bio chip and biosensors of the present invention may comprise 
the polypeptides of the present invention to detect antibodies, which specifically recognize 
Staphylococcus species, including S. aureus. Bio chip and biosensors of the present 
invention may also comprise antibodies which specifically recognize the polypeptides of 
the present invention to detect Staphylococcus species, including S. aureus or specific 
polypeptides of the present invention. Bio chips or biosensors comprising polypeptides or 
antibodies of the present invention may be used to detect Staphylococcus species, 
including S. aureus, in biological and environmental samples and to diagnose an animal, 
including humans, with an S. aureus or other Staphylococcus infection. Thus, the present 
invention includes both bio chips and biosensors comprising polypeptides or antibodies of 
the present invention and methods of their use. 

[0317] The bio chips of the present invention may further comprise polypeptide 
sequences of other pathogens including bacteria, viral, parasitic, and fungal polypeptide 
sequences, in addition to the polypeptide sequences of the present invention, for use in 
rapid diffenertial pathogenic detection and diagnosis. The bio chips of the present 
invention may further comprise antibodies or fragements thereof specific for other 
pathogens including bacteria, viral, parasitic, and fungal polypeptide sequences, in 
addition to the antibodies or fragements thereof of the present invention, for use in rapid 
diffenertial pathogenic detection and diagnosis. The bio chips and biosensors of the 
present invention may also be used to monitor an S. aureus or other Staphylococcus 
infection and to monitor the genetic changes (amio acid deletions, insertions, substitutions, 
etc.) in response to drug therapy in the clinic and drug development in the laboratory. The 
bio chip and biosensors comprising polypeptides or antibodies of the present invention 
may also- be used to simultaneously monitor, the expression of a nmltiplicity of 
polypeptides, including those of the present invention. The polypeptides used to comprise 
a bio chip or biosensor of the present invention may be specified in the same manner as for 
the fragements, i.e, by their N-terminal and C-terminal positions or length in contigious 
amino acid residue. Methods and particular uses of the polypeptides and antibodies of the 
present invention to detect Staphylococcus species, including S. aureus, or specific 
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polypeptides using bio chip and biosensor technology include those known in the art, 
those of the U.S. Patent Nos. and World Patent Nos. listed above for bio chips and 
biosensors using polynucleotides of the present invention, and those of: U.S. Patent Nos. 
5658732, 5135852, 5567301, 5677196, 5690894 and World Patent Nos. W09729366, 
W09612957, each incorporated herein in their entireties. 

Treatment 

Agonists and Antagonists - Assays and Molecules 

[0318] The invention also provides a method of screening compounds to identify those 
which enhance or block the biological activity of the S. aureus polypeptides of the present 
invention. The present invention further provides where the compounds kill or slow the 
growth of S. aureus. The ability of S. aureus antagonists, including S. aureus ligands, to 
prophy tactically or therapeutically block antibiotic resistance may be easily tested by the 
skilled artisan. See, e.g., Straden et al. (1997) J Bacterid. 179(1):9-16. 
[0319] An agonist is a compound which increases the natural biological function or 
which functions in a manner similar to the polypeptides of the present invention, while 
antagonists decrease of eliminate such functions. Potential antagonists include small 
organic molecules, peptides, polypeptides, and antibodies that bind to a polypeptide of the 
invention and thereby inhibit or extinguish its activity. 

[0320] The antagonists may be employed for instance to inhibit peptidoglycan cross 
bridge formation. Antibodies against S. aureus may be employed to bind to and inhibit S. 
aureus activity to treat antibiotic resistance. Any of the above antagonists may be 
employed in a composition with a pharmaceutical ly acceptable carrier. 
[0321] Polypeptides and polynucleotides of the invention may also be used to assess 
the binding of small molecule substrates and ligands in, for example, cell-free 
preparations, chemical libraries, and natural product mixtures. These substrates and 
- ligands- may be -natural substrates and ligands .or may ^structural or functional mimetics. 
See, e.g., Coligan et al., Current Protocols in Immunology 1(2): Chapter 5 (1991). 
[0322] Polypeptides and polynucleotides of the present invention are responsible for 
many biological functions, including many disease states, in particular the Diseases 
hereinbefore mentioned. It is therefor desirable to devise screening methods to identify 
compounds which stimulate or which inhibit the function of the polypeptide or 
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polynucleotide. Accordingly, in a further aspect, the present invention provides for a 
method of screening compounds to identify those which stimulate or which inhibit the 
function of a polypeptide or a polynucleotide of the invention, as well as related 
polypeptides and polynucleotides. In general, agonists or antagonists may be employed for 
therapeutic and prophylactic purposes for such Diseases as hereinbefore mentioned. 
Compounds may be identified from a variety of sources, for example, cells, cell-free 
preparations, chemical libraries, and natural product mixtures. Such agonists, antagonists 
or inhibitors so-identified may be natural or modified substrates, ligands, receptors, 
enzymes, etc., as the case may be, of S. aureus polypeptides and polynucleotides of the 
invention; or may be structural or functional mimetics thereof (see Coligan et al., supra). 
[0323] The screening methods may simply measure the binding of a candidate 
compound to the polypeptide or polynucleotide, or to cells or membranes bearing the 
polypeptide or polynucleotide, or a fusion protein of the polypeptide by means of a label 
directly or indirectly associated with the candidate compound. Alternatively, the screening 
method may involve competition with a labeled competitor. Further, these screening 
methods may test whether the candidate compound results in a signal generated by 
activation or inhibition of the polypeptide or polynucleotide, using detection systems 
appropriate to the cells comprising the polypeptide or polynucleotide. Inhibitors of 
activation are generally assayed in the presence of known agonists and the effect on 
activation by the agonist by the presence of the candidate compound is observed. 
Constitutively active polypeptide and/or constitutively expressed polypeptides and 
polynucleotides may be employed in screening methods for inverse agonists or inhibitors, 
in the absence of an agonist or inhibitor, by testing whether the candidate compound 
results in inhibition of activation of the polypeptide or polynucleotide, as the case may be. 
Further the screening methods may simply comprise the steps of mixing a candidate 
compound with a solution containing a polypeptide or polynucleotide of the present 
invention,._to form a_.mixt.ure.,.. measuring S. aureus_ polypeptide_ and/or polynucleotide 
activity in the mixture, and comparing the S. aureus polypeptide and/or polynucleotide 
activity of the mixture to a standard. Fusion proteins, such as those made from His tag and 
S. aureus polypeptides of the invention, as described herein, can also be used for high- 
throughput screening assays to identify antagonists of the polypeptide of the present 
invention, as well as of phylogenetically and/or functionally related polypeptides (see, 
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e.g., Bennett et al., J. Mol. Recognition 8:52-58 (1995); and Johanson et al., J. Biol. Chem. 
270(16):9459-71 (1995)). 

[0324] The polynucleotides, polypeptides and antibodies that bind to and/or interact 
with a polypeptide of the present invention may also be used to configure screening 
methods for detecting the effect of added compounds on the production of mRNA and/or 
polypeptide in cells. For example, an ELISA assay may be constructed for measuring 
secreted or cell associated levels of polypeptide using monoclonal and polyclonal 
antibodies by standard methods known in the art. This can be used to discover agents 
which may inhibit or enhance the production of polypeptide (also called antagonist or 
agonists, respectively) from suitably manipulated cells or tissues. 

[0325] The invention also provides a method of screening compounds to identify those 
which enhance (agonist) or block (antagonist) the action of S. aureus polypeptide or 
polynucleotide of the invention, particularly those compounds that are bacteristatic and/or 
bactericidal. The method of screening may involve high-throughput techniques. For 
example, to screen for agonists. or antagonists, a synthetic reaction mix, a cellular 
compartment, such as a membrane, cell envelope or cell wall, or a preparation of any 
thereof, comprising a S. aureus polypeptide of the invention and a labeled substrate or 
ligand of such polypeptide is incubated in the absence of the presence of a candidate 
molecule that may be an agonist or antagonist of a S. aureus polypeptide of the invention. 
The ability of the candidate molecule to agonize or antagonize the S. aureus polypeptide is 
reflected in decreased binding of the labeled ligand or decreased production of product 
from such substrate. Molecules that bind gratuitously, i.e., without inducing the effects of 
S. aureus polypeptides are most likely to be good antagonists. Molecules that bind well 
and, as the case may be, increase the rate of product production from substrate, increase 
signal transduction, or increase chemical channel activity are agonists. Using a reporter 
system may enhance the detection of the rate or level of, for example, the production of 
-product- from-substrate, -signaLtransduction, or chemical channel activity. Reporter systems 
that may be useful in this regard include but are not limited to colorimetric, labeled 
substrate converted into product, a reporter gene that is responsive to changes in a S. 
aureus polynucleotide or polypeptide activity, and binding assays known in the art. 
[0326] S. aureus polypeptides of the invention may be used to identify membrane 
bound or soluble receptors, if any, for such polypeptide, through standard receptor binding 
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techniques known in the art. These techniques include, but are not limited to, ligand 
binding and crosslinking assays in which the polypeptide is labeled with a radioactive 
isotope (for instance, 1251), chemically modified (for instance, biotinylated), or fused to a 
peptide sequence suitable for detection or purification (for instance, a His tag), and 
incubated with a source of the putative receptor \S. aureus or human cells, cell 
membranes, cell supernatants, tissue extracts, bodily materials). Other methods include 
biophysical techniques such as surface plasmon resonance and spectroscopy. These 
screening methods may also be used to identify agonists and antagonists of the 
polypeptide which compete with the binding of the polypeptide to its receptor(s), if any. 
Standard methods for conducting such assays are well understood in the art. 
[0327] The fluorescence polarization value for a fluorescently-tagged molecule 
depends on the rotational correlation time or tumbling rate. Protein complexes, such as 
formed by one S. aureus polypeptide of the invention associating with itself or another S. 
aureus polypeptide of the invention, labeled to comprise a fluorescerttly-labeled molecule 
will have higher polarization values than a fluorescently labeled monomeric protein. It is 
preferred that this method be used to characterize small molecules that disrupt polypeptide 
complexes. 

[0328] Fluorescence energy transfer may also be used to characterize small molecules 
that interfere with the formation of S. aureus polypeptide dimers, trimers, tetramers, or 
higher order structures, or structures formed by one S. aureus polypeptide bound to 
another polypeptide. S. aureus polypeptides can be labeled with both a donor and acceptor 
fluorophore. Upon mixing of the two labeled species and excitation of the donor 
fluorophore, fluorescence energy transfer can be detected by observing fluorescence of the 
acceptor. Compounds that block dimerization will inhibit fluorescence energy transfer. 
[0329] Surface plasmon resonance can be used to monitor the effect of small 
molecules on S, aureus polypeptide self-association as well as an association of S "aureus 
-polypeptide-and ^another-polypeptide_or small molecule^ S. aureus polypeptide can be 
coupled to a sensor chip at low site density such that covalently bound molecules will be 
monomeric. Solution protein can then be passed over the S. aureus polypeptide -coated 
surface and specific binding can be detected in real-time by monitoring the change in 
resonance angle caused by a change in local refractive index. This technique can be used 
to characterize the effect of small molecules on kinetic rates and equilibrium binding 
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constants for S. aureus polypeptide self-association as well as an association of S. aureus 
polypeptides with another polypeptide or small molecule. 

[0330] A scintillation proximity assay may be used to characterize the interaction 
between an association of S. aureus polypeptide with another S. aureus polypeptide or a 
different polypeptide. S. aureus polypeptide can be coupled to a scintillation-filled bead. 
Addition of radio-labeled S, aureus polypeptide results in binding where the radioactive 
source molecule is in close proximity to the scintillation fluid. Thus, signal is emitted upon 
S. aureus polypeptide binding and compounds that prevent S, aureus polypeptide self- 
association or an association of S. aureus polypeptide and another polypeptide or small 
molecule will diminish signal. 

[0331] ICS biosensors have been described by AMBRI (Australian Membrane 
Biotechnology Research Institute). They couple the self-association of macromolecules to 
the closing of gramacidin-facilitated ion channels in suspended membrane bilayers and 
hence to a measurable change in the admittance (similar to impedance) of the biosensor. 
This approach is linear over six decades of admittance change and is ideally suited for 
large scale, high through-put screening of small molecule combinatorial libraries. 
[0332] In other embodiments of the invention there are provided methods for 
identifying compounds which bind to or otherwise interact with and inhibit or activate an 
activity or expression of a polypeptide and/or polynucleotide of the of the invention 
comprising: contacting a polypeptide and/or polynucleotide of the invention with a 
compound to be screened under conditions to permit binding to or other interaction 
between the compound and the polypeptide and/or polynucleotide to assess the binding to 
or other interaction with the compound, such as binding or interaction preferably being 
associated with a second component capable of providing a detectable signal in response 
to the binding or interaction of the polypeptide and/or polynucleotide with the compound; 
and determining whether the compound binds to or otherwise interacts with and activates 
-or-inhibits an activity or expression of the polypeptide and/or polynucleotide by detecting 
the presence or absence of a signal generated from the binding or interaction of the 
compound with the polypeptide and/or polynucleotide. 

[0333] Another example of an assay for S. aureus polypeptide agonists is a 
competitive assay that combines a S. aureus polypeptide and a potential agonists with S. 
aureus polypeptide-binding molecules, recombinant S. aureus polypeptide-binding 
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molecules, natural substrates or ligands, or substrate or ligand mimetics, under appropriate 
conditions for a competitive inhibition assay. 5*. aureus polypeptide can be labeled, such as 
by radioactivity or a colorimetric compound, such that the number of S. aureus 
polypeptide molecules bound to a binding molecule or converted to product can be 
determined accurately to assess the effectiveness of the- potential antagonist. 
[0334] Potential antagonists include, among others, small organic molecules, peptides, 
polypeptides and antibodies that bind to a polynucleotide and/or polypeptide of the 
invention and thereby inhibit or extinguish its activity or expression. Potential antagonists 
also may be small organic molecules, a peptide, a polypeptide such as a closely related 
protein or antibody that binds the same sites on a binding molecule, such as a binding 
molecule, without inducing S. aureus polypeptide induced activities, thereby preventing 
the action or expression of S. aureus polypeptides and/or polynucleotides by excluding 5". 
aureus polypeptides and/or polynucleotides from binding. 

[0335] Potential antagonists include a small molecule that binds to and occupies the 
binding site of the polypeptide thereby preventing binding to cellular binding molecules, 
such that normal biological activity is prevented. Examples of small molecules include but 
are not limited to small organic molecules, peptides or peptide-like molecules. Other 
potential antagonists include antisense molecules (see, e.g., Okano, J. Neurochem. 56:560 
(1991); OLIGODEOXYNUCLEOTIDES AS ANTISENSE INHIBITORS OF GENE 
EXPRESSION, CRC Press, Boca Raton, FL (1998)), for a description of these molecules). 
Preferred potential antagonists include compounds related to and variants of S. aureus 
polypeptides of the invention. 

[0336] Other, examples of potential S. aureus polypeptide antagonists include 
antibodies or, in some cases, oligonucleotides or proteins which are closely related to the 
ligands, substrates, receptors, enzymes, etc., as the case may be, of the polypeptide, e.g., a 
fragment of the ligands, substrates, receptors, enzymes, etc.; or small molecules which 
bind to the polypeptide of the present invention but_do not elicit a response,jo that the 
activity of the polypeptide is prevented. 

[0337] The invention further comprises biomimetics, or functional mimetics of the 
natural S. aureus polypeptides of the invention. These functional mimetics may be used 
for, among other things, antagonizing the activity of S. aureus polypeptide or as an antigen 
or immunogen in a manner described elsewhere herein. Functional mimetics of the 
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polypeptides of the invention include but are not limited to truncated polypeptides. For 
example, preferred functional mimetics include, a polypeptide comprising a polypeptide 
sequence set forth in Table 1 lacking 20, 30, 40, 50, 60, 70, or 80 amino- or carboxy- 
terminal amino acid residues, including fusion proteins comprising one or more of these 
truncated sequences. Polynucleotides encoding each of these functional mimetics may be 
used as expression cassettes to express each mimetic polypeptide. It is preferred that these 
cassettes comprise 5' and 3' restriction sites to allow for a convenient means to ligate the 
cassettes together when desired. It is further preferred that these cassettes comprise gene 
expression signals known in the art or described elsewhere herein. 

[0338] Thus, in another aspect, the present invention relates to a screening kit for 
identifying agonists,; antagonists, ligands, receptors, substrates, enzymes, etc. for a 
polypeptide and/or polynucleotide of the present invention; or compounds which decrease 
or enhance the production of such polypeptides and/or polynucleotides, which comprises: 
(a) a polypeptide and/or a polynucleotide of the present invention; (b) a recombinant cell 
expressing a polypeptide and/or polynucleotide of the present invention; (c) a cell 
membrane expressing a polypeptide and/or a polynucleotide of the present invention; or 
(d) antibody to a polypeptide and/or polynucleotide of the present invention; which 
polypeptide is preferably one of the S. aureus polypeptides shown in Table 1, and which 
polynucleotide is preferably one of the S. aureus polynucleotides shown in Table 1. 
[0339] It will be appreciated that in any such kit, (a), (b), (c), or (d) may comprise a 
substantial component. 

[0340] It will be readily appreciated by the skilled artisan that a polypeptide and/or 
polynucleotide of the present invention may also be used in a method for the structure- 
based design of an agonist, antagonist or inhibitor of the polypeptide and/or 
polynucleotide, by: (a) determining in the first instance the three-dimensional structure of 
the polypeptide and/or polynucleotide, or complexes thereof; (b) deducing the three- 
dimensional structure for-the likely-reactive site(s), binding. site(s) or motif(s) of an 
agonist, antagonist or inhibitor; (c) synthesizing candidate compounds that are predicted to 
bind to or react with the deduced binding site(s), reactive(s), and/or motif(s); and (d) 
testing whether the candidate compounds are indeed agonists, antagonists or inhibitors. It 
will be further appreciated that this will normally be an iterative process, and this iterative 
process may be performed using automated and computer-controlled steps. 
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[0341] Each of the polynucleotide sequences provided herein may be used in the 
discovery and development of antibacterial compounds. The encoded protein, upon 
expression, can be used as a target for the screening of antibacterial drugs. Additionally, 
the polynucleotide sequences encoding the amino terminal regions of the encoded protein 
or Shine-Delgarno or other translation facilitating sequences of the respective mRNA can 
be used to construct antisense sequences to control the expression of the coding sequence 
of interest. 

[0342] The invention further encompasses the use of polypeptides, polynucleotides, 
agonists and/or antagonists of the invention to interfere with the initial physical interaction 
between a pathogen or pathogens and a eukaryotic, preferably mammalian, host 
responsible for sequelae of infection. In particular, the molecules of the invention may be 
used: in the prevention of adhesion of bacteria, in particular gram positive and/or gram 
negative bacteria, to eukaryotic, preferably mammalian, extracellular matrix proteins on 
in-dwelling devices or to extracellular matrix proteins in wounds; to block bacterial 
adhesion between eukaryotic, preferably mammalian, extracellular matrix proteins and 
bacterial S. aureus proteins that mediate tissue damage and/or; to block the normal 
progression of pathogenesis in infections initiated other than by the implantation of in- 
dwelling devices or by other surgical techniques. 

[0343] In a specific embodiment, the invention provides S. aureus polypeptide 
agonists and antagonists, preferably bacteristatic or bactericidal agonists and antagonists. 
[0344] The antagonists and agonists of the invention may be employed, for example, 
to prevent, inhibit and/or treat diseases. 

Vaccines 

[0345] The present invention also provides vaccines comprising one or more 
polypeptides of the present invention. Heterogeneity in the composition of a vaccine may 
"-be provided by combining S. aureus polypeptides _of the present .invention. 
Multi-component vaccines of this type are desirable because they are likely to be more 
effective in eliciting protective immune responses against multiple species and strains of 
the Staphylococcus genus than single polypeptide vaccines. 

[0346] Multi-component vaccines are known in the art to elicit antibody production to 
numerous immunogenic components. See, e.g., Decker et al. (1996) J. Infect. Dis. 
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174:S270-275. In addition, a hepatitis B, diphtheria, tetanus, pertussis tetravalent vaccine 
has recently been demonstrated to elicit protective levels of antibodies in human infants 
against all four pathogenic agents. See, e.g., Aristegui, J. et al. (1997) Vaccine 15:7-9. 
[0347] The present invention in addition to single-component vaccines includes 
multi-component vaccines. These vaccines comprise more than one polypeptide, 
immunogen or antigen. Thus, a multi-component vaccine would be a vaccine comprising 
more than one of the S. aureus polypeptides of the present invention. 
[0348] Further within the scope of the invention are whole cell and whole viral 
vaccines. Such vaccines may be produced recombinant^ and involve the expression of 
one or more of the S. aureus polypeptides described in Table 1. For example, the S. 
aureus polypeptides of the present invention may be either secreted or localized 
intracellular^, on the cell surface, or in the periplasmic space. Further, when a 
recombinant virus is used, the S. aureus polypeptides of the present invention may, for 
example, be localized in the viral envelope, on the surface of the capsid, or internally 
within the capsid. Whole cells vaccines which employ cells expressing heterologous 
proteins are known in the art. See, e.g., Robinson, K. et al. (1997) Nature Biotech. 15:653- 
657; Sirard, J. et al. (1997) Infect. Iraraun. 65:2029-2033; Chabalgoity, J. et al. (1997) 
Infect. Immun. 65:2402-2412 . These cells may be administered live or may be killed 
prior to administration. Chabalgoity, J. et al., supra, for example, report the successful use 
in mice of a live attenuated Salmonella vaccine strain which expresses a portion of a 
platyhelminth fatty acid-binding protein as a fusion protein on its cells surface. 
[0349] A multi-component vaccine can also be prepared using techniques known in 
the art by combining one or more S. aureus polypeptides of the present invention, or 
fragments thereof, with additional non-staphylococcal components (e.g., diphtheria toxin 
or tetanus toxin, and/or other compounds known to elicit an immune response). Such 
vaccines are useful for eliciting protective immune responses to both members of the 
-Staphylococcus genus and non-staphylococcal pathogenic agents. _ _ ______ __ _____ 

[0350] The vaccines of the present invention also include DNA vaccines. DNA 
vaccines are currently being developed for a number of infectious diseases. See, et al, 
Boyer, et al. (1997) Nat. Med. 3:526-532; reviewed in Spier, R. (1996) Vaccine 14:1285- 
1288. Such DNA vaccines contain a nucleotide sequence encoding one or more S. aureus 
polypeptides of the present invention oriented in a manner that allows for expression of 
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the subject polypeptide. For example, the direct administration of plasmid DNA encoding 
B. burgdorgeri OspA has been shown to elicit protective immunity in mice against 
borrelial challenge. See, Luke et al. (1997) J. Infect. Dis. 175:91-97. 
[0351] The present invention also relates to the administration of a vaccine which is 
co-administered with a molecule capable of modulating immune responses. Kim et al. 
(1997) Nature Biotech. 15:641-646, for example, report the enhancement of immune 
responses produced by DNA immunizations when DNA sequences encoding molecules 
which stimulate the immune response are co-administered. In a similar fashion, the 
vaccines of the present invention may be co-administered with either nucleic acids 
encoding immune modulators or the immune modulators themselves. These immune 
modulators include granulocyte macrophage colony stimulating factor (GM-CSF) and 
CD86. ' 

[0352] The vaccines of the present invention may be used to confer resistance to 
staphylococcal infection by either passive or active immunization. When the vaccines of 
the present invention are used to confer resistance to staphylococcal infection through 
active immunization, a vaccine of the present invention is administered to an animal to 
elicit a protective immune response which either prevents or attenuates a staphylococcal 
infection. When the vaccines of the present invention are used to confer resistance to 
staphylococcal infection through passive immunization, the vaccine is provided to a host 
animal {e.g., human, dog, or mouse), and the antisera elicited by this antisera is recovered 
and directly provided to a recipient suspected of having an infection caused by a member 
of the Staphylococcus genus. 

[0353] The ability to label antibodies, or fragments of antibodies, with toxin molecules 
provides an additional method for treating staphylococcal infections when passive 
immunization is conducted. In this embodiment, antibodies, or fragments of antibodies, 
capable of recognizing the S. aureus polypeptides disclosed herein, or fragments thereof, 
-as well as- other -Staphylococcus, proteins, are labejed with toxin molecules prior to their_ 
administration to the patient. When such toxin derivatized antibodies bind to 
Staphylococcus cells, toxin moieties will be localized to these cells and will cause their 
death. 

[0354] The present invention thus concerns and provides a means for preventing or 
attenuating a staphylococcal infection resulting from organisms which have antigens that 
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are recognized and bound by antisera produced in response to the polypeptides of the 
present invention. As used herein, a vaccine is said to prevent or attenuate a disease if its 
administration to an animal results either in the total or partial attenuation (i.e., 
suppression) of a symptom or condition of the disease, or in the total or partial immunity 
of the animal to the disease. 

[0355] The administration of the vaccine (or the antisera which it elicits) may be for 
either a "prophylactic" or "therapeutic" purpose. When provided prophylactically, the 
compound(s) are provided in advance of any symptoms of staphylococcal infection. The 
prophylactic administration of the compound(s) serves to prevent or attenuate any 
subsequent infection. When provided therapeutically, the compound(s) is provided upon 
or after the detection of symptoms which indicate that an animal may be infected with a 
member of the Staphylococcus genus. The therapeutic administration of the compound(s) 
serves to attenuate any actual infection. Thus, the S. aureus polypeptides, and -fragments 
thereof, of the present invention may be provided either prior to the onset of infection (so 
as to prevent or attenuate an anticipated infection) or after the initiation of an actual 
infection. 

[0356] The polypeptides of the invention, whether encoding a portion of a native 
protein or a functional derivative thereof, may be administered in pure form or may be 
coupled to a macromolecular carrier. Example of such carriers are proteins and 
carbohydrates. Suitable proteins which may act as macromolecular carrier for enhancing 
the immunogenicity of the polypeptides of the present invention include keyhole limpet 
hemacyanin (KLH) tetanus toxoid, pertussis toxin, bovine serum albumin, and ovalbumin. 
Methods for coupling the polypeptides of the present invention to such macromolecular 
carriers are disclosed in Harlow et al., ANTIBODIES: A LABORATORY MANUAL, 
(Cold Spring Harbor Laboratory Press, 2nd ed. 1988). 

[0357] A composition is said to be "pharmacologically or physiologically acceptable" 
- if its- administration, can be tolerated by. a recipient animal and_ is otherwise_suitable for 
administration to that animal. Such an agent is said to be administered in a 
"therapeutically effective amount" if the amount administered is physiologically 
significant. An agent is physiologically significant if its presence results in a detectable 
change in the physiology of a recipient patient. 

[0358] While in all instances the vaccine of the present invention is administered as a 
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pharmacologically acceptable compound, one skilled in the art would recognize that the 
composition of a pharmacologically acceptable compound varies with the animal to which 
it is administered. For example, a vaccine intended for human use will generally not be 
co-administered with Freund's adjuvant. Further, the level of purity of the S. aureus 
polypeptides of the present invention . will normally be higher when administered to a 
human than when administered to a non-human animal. 

[0359] As would be understood by one of ordinary skill in the art, when the vaccine of 
the present invention is provided to an animal, it may be in a composition which may 
contain salts, buffers, adjuvants, or other substances which are desirable for improving the 
efficacy of the composition. Adjuvants are substances that can be used to specifically 
augment a specific immune response. These substances generally perform two functions: 
(1) they protect the antigen(s) from being rapidly catabolized after administration and (2) 
they nonspecifically stimulate immune responses. 

[0360] Normally, the. adjuvant and the composition are mixed prior to presentation to 
the immune system, or presented separately, but into the same site of the animal being 
immunized. Adjuvants can be loosely divided into several groups based upon their 
composition. These groups include oil adjuvants (for example, Freund's complete and 
incomplete), mineral salts (for example, A1K(S0 4 ) 2 , AlNa(S0 4 ) 2 , A1NH 4 (S0 4 ), silica, 
kaolin, and carbon), polynucleotides (for example, poly IC and poly AU acids), and 
certain natural substances (for example, wax D from Mycobacterium tuberculosis, as well 
as substances found in Corynebacterium parvum, or Bordetella pertussis, and members of 
the genus Brucella. Other substances useful as. adjuvants are the saponins such as, for 
example, Quil A. (Superfos A/S, Denmark). Preferred adjuvants for use in the present 
invention include aluminum salts, such as A1K(S0 4 ) 2 , AlNa(S0 4 ) 2 , and A1NH 4 (S0 4 ). 
Examples of materials suitable for use in vaccine compositions are provided in 
REMINGTON'S PHARMACEUTICAL SCIENCES 1324-1341 (A. Osol, ed, Mack 

Publishing-Co, Easton, PA T ( 1 980)-(incorporated_herein by. reference). _ 

[0361] The therapeutic compositions of the present invention can be administered 
parenterally by injection, rapid infusion, nasopharyngeal absorption 
(intranasopharangeally), dermoabsorption, or orally. The compositions may alternatively 
be administered intramuscularly, or intravenously. Compositions for parenteral 
administration include sterile aqueous or non-aqueous solutions, suspensions, and emul- 
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sions. Examples of non-aqueous solvents are propylene glycol, polyethylene glycol, 
vegetable oils such as olive oil, and injectable organic esters such as ethyl oleate. Carriers 
or occlusive dressings can be used to increase skin permeability and enhance antigen 
absorption. Liquid dosage forms for oral administration may generally comprise a 
liposome solution containing the liquid dosage form. Suitable forms for suspending 
liposomes include emulsions, suspensions, solutions, syrups, and elixirs containing inert 
diluents commonly used in the art, such as purified water. Besides the inert diluents, such 
compositions can also include adjuvants, wetting agents, emulsifying and suspending 
agents, or sweetening, flavoring, or perfuming agents. 

[0362] Therapeutic compositions of the present invention can also be administered in 
encapsulated form. For example, intranasal immunization using vaccines encapsulated in 
biodegradable microsphere composed of poly(DL-lactide-co-glycolide). See, Shahin, R. et 
al. (1995) Infect. Immun. 63:1195-1200. Similarly, orally administered encapsulated 
Salmonella typhimurium antigens can also be used. Allaoui-Attarki, K. et al. (1997) 
Infect. Immun. 65:853-857. Encapsulated vaccines of the present invention can be 
administered by a variety of routes including those involving contacting the vaccine with 
mucous membranes (e.g., intranasally, intracolonicly, intraduodenally). 
[0363] Many different techniques exist for the timing of the immunizations when a 
multiple administration regimen is utilized. It is possible to use the compositions of the 
invention more than once to increase the levels and diversities of expression of the 
immunoglobulin repertoire expressed by the immunized animal. Typically, if multiple 
immunizations are given, they will be given one to two months apart. 
[0364] According to the present invention, an "effective amount" of a therapeutic 
composition is one which is sufficient to achieve a desired biological effect. Generally, 
the dosage needed to provide an effective amount of the composition will vary depending 
upon such factors as the animal's or human's age, condition, sex, and extent of disease, if 

any 7 and other ' variables which can be. adjusted_by one.: of ordinary skilHn the art. 

[0365] The antigenic preparations of the invention can be administered by either single 
or multiple dosages of an effective amount. Effective amounts of the compositions of the 
invention can vary from 0.01-1,000 ug/ml per dose, more preferably 0.1-500 ng/ml per 
dose, and most preferably 10-300 ug/ml per dose. 
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Binding Peptides and Other Molecules 

[0366] The invention also encompasses screening methods for identifying 
polypeptides and nonpolypeptides that bind the S. aureus polypeptides of the invention, 
and the S. aureus polypeptides binding molecules identified thereby. These binding 
molecules are useful, for example, as agonists and antagonists of the S. aureus 
polypeptides of the invention. Such agonists and antagonists can be used, in accordance 
with the invention, in the therapeutic embodiments described in detail, below. 
[0367] This method comprises the steps of: 

(a) contacting a S. aureus polypeptide with a plurality of molecules; and 

(b) identifying a molecule that binds the S. aureus polypeptide. 

[0368] The step of contacting the S. aureus polypeptide with the plurality of molecules 
may be effected in a number of ways. For example, one may contemplate immobilizing 
the S. aureus polypeptide on a solid support and bringing a solution of the plurality of 
molecules in contact with the immobilized S. aureus polypeptide. Such a procedure would 
be akin to an affinity chromatographic process, with the affinity matrix being comprised of 
the immobilized S. aureus polypeptide. The molecules having a selective affinity for the S. 
aureus polypeptide can then be purified by affinity selection. The nature of the solid 
support, process for attachment of the S. aureus polypeptide to the solid support, solvent, 
and conditions of the affinity isolation or selection are largely conventional and well- 
known to those of ordinary skill in the art. 

[0369] Alternatively, one may also separate a plurality of polypeptides into 
substantially separate fractions comprising a subset of or individual polypeptides. For 
instance, one can separate the plurality of polypeptides by gel electrophoresis, column 
chromatography, or like method known to those of ordinary skill for the separation of 
polypeptides. The individual polypeptides can also be produced by a transformed host cell 
- in sueh-a-way-as to be expressed.on or about its. outer surface (e.g., a recombinant phage). 
Individual isolates can then be "probed" by the S. aureus polypeptide, optionally in the 
presence of an inducer should one be required for expression, to determine if any selective 
affinity interaction takes place between the S. aureus polypeptide and the individual clone. 
Prior to contacting the S. aureus polypeptide with each fraction comprising individual 
polypeptides, the polypeptides could first be transferred to a solid support for additional 
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convenience. Such a solid support may simply be a piece of filter membrane, such as one 
made of nitrocellulose or nylon. In this manner, positive clones could be identified from a 
collection of transformed host cells of an expression library, which harbor a DNA 
construct encoding a polypeptide having a selective affinity for S. aureus polypeptide. 
Furthermore, the amino acid sequence of the polypeptide having a selective affinity for 
any one of the S. aureus polypeptides of the invention can be determined directly by 
conventional means or the coding sequence of the DNA encoding the polypeptide can 
frequently be determined more conveniently. The primary sequence can then be deduced 
from the corresponding DNA sequence. If the amino acid sequence is to be determined 
from the polypeptide itself, one may use micro sequencing techniques. The sequencing 
technique may include mass spectroscopy. 

[0370] In certain situations, it may be desirable to wash away any unbound S. aureus 
polypeptide, or alternatively, unbound polypeptides, from a mixture of the S. aureus 
polypeptide and the plurality of polypeptides prior to attempting to determine or to detect 
the presence of a selective affinity interaction. Such a wash step may be particularly 
desirable when the S. aureus polypeptide or the plurality of polypeptides is bound to a 
solid support. 

[0371] The plurality of molecules provided according to this method may be provided 
by way of diversity libraries, such as random or combinatorial peptide or nonpeptide 
libraries which can be screened for molecules that specifically bind to a S. aureus 
polypeptide. Many libraries are known in the art that can be used, e.g., chemically 
synthesized libraries, recombinant (e.g., phage display libraries), and in vitro translation- 
based libraries. Examples of chemically synthesized libraries are described in Fodor et al., 
1991, Science 251:767-773; Houghten et al., 1991, Nature 354:84-86; Lam et al., 1991, 
Nature 354:82-84; Medynski, 1994, Bio/Technology 12:709-710;Gallop et al., 1994, J. 
Medicinal Chemistry 37(9):1233-1251 ; Ohlmeyer et al., 1993, Proc. Natl. Acad. Sci. USA 
90:10922-10926; Erb et al., 1994, Proc. Natl. Acad. Sci. USA 91 :1 1422-1 1426; Houghten 
et al., 1992, Biotechniques 13:412; Jayawickreme et al., 1994, Proc. Natl. Acad. Sci. USA 
91:1614-1618; Salmon et al., 1993,. Proc. Natl. Acad. Sci. USA 90:11708-11712; PCT 
Publication No. WO 93/20242; and Brenner and Lerner, 1992, Proc. Natl. Acad. Sci. USA 
89:5381-5383. 

[0372] Examples of phage display libraries are described in Scott and Smith, 1990, 
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Science 249:386-390; Devlin et al., 1990, Science, 249:404-406; Christian, R. B., et al., 
1992, J. Mol. Biol. 227:711-718); Lenstra, 1992, J. Immunol. Meth. 152:149-157; Kay et 
al., 1993,.Gene 128:59-65; and PCT Publication No. WO 94/18318 dated Aug. 18, 1994. 
[0373] In vitro translation-based libraries include but are not limited to those described 
in PCT Publication No. WO 91/05058 dated Apr. 18, 1991; and Mattheakis et al., 1994, 
Proc. Natl. Acad: Sci. USA 91:9022-9026. 

[0374] By way of examples of nonpeptide libraries, a benzodiazepine library (see e.g., 
Bunin et al., 1994, Proc. Natl. Acad. Sci. USA 91:4708-4712) can be adapted for use. 
Peptoid libraries (Simon et al., 1992, Proc. Natl. Acad. Sci. USA 89:9367-9371) can also 
be used. Another example of a library that can be used, in which the amide functionalities 
in peptides have been permethylated to generate a chemically transformed combinatorial 
library, is described by Ostresh et al. (1994, Proc. Natl. Acad. Sci. USA 91:1 1 138-1 1 142). 
[0375] The variety of non-peptide libraries that are useful in the present invention is 
great. For example, Ecker and Crooke, 1995, Bio/Technology 13:351-360 list 
benzodiazepines, hydantoins, piperazinediones, biphenyls, sugar analogs, beta- 
mercaptoketones, arylacetic acids, acylpiperidines, benzopyrans, cubanes, xanthines, 
aminimides, and oxazolones as among the chemical species that form the basis of various- 
libraries. 

[0376] Non-peptide libraries can be classified broadly into two types: decorated 
monomers and oligomers. Decorated monomer libraries employ a relatively simple 
scaffold structure upon which a variety functional groups is added. Often the scaffold will 
be a molecule with a known useful pharmacological activity. For example, the scaffold 
might be the benzodiazepine structure. 

[0377] Non-peptide oligomer libraries utilize a large number of monomers that are 
assembled together in ways that create new shapes that depend on the order of the 
monomers. Among the monomer units that have been used are carbamates, pyrrolinones, 
and morpholinos. Peptoids,-peptide-like._oligomers .in_which the side chain is attached^ 
the alpha amino group rather than the alpha carbon, form the basis of another version of 
non-peptide oligomer libraries. The first non-peptide oligomer libraries utilized a single 
type of monomer and thus contained a repeating backbone. Recent libraries have utilized 
more than one monomer, giving the libraries added flexibility. 

[0378] Screening the libraries can be accomplished by any of a variety of commonly 
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known methods. See, e.g., the following references, which disclose screening of peptide 
libraries: Parmley and Smith, 1989, Adv. Exp. Med. Biol. 251:215-218; Scott and Smith, 
1990, Science 249:386-390; Fowlkes et al., 1992; BioTechniques 13:422-427; Oldenburg 
et al., 1992, Proc. Natl. Acad. Sci. USA 89:5393-5397; Yu et al., 1994, Cell 76:933-945; 
Staudt et al., 1988, Science 241:577-580; Bock et al., 1992, Nature 355:564-566; Tuerk et 
al., 1992, Proc. Natl. Acad. Sci. USA 89:6988-6992; Ellington et al., 1992, Nature 
355:850-852; U.S. Pat. No. 5,096,815, U.S. Pat. No. 5,223,409, and U.S. Pat. No. 
5,198,346, all to Ladner et al.; Rebar and Pabo, 1993, Science 263:671-673; and CT 
Publication No. WO 94/18318. 

[0379] In a specific embodiment, screening to identify a molecule that binds a S. 
aureus polypeptide can be carried out by contacting the library members with a S. aureus 
polypeptide immobilized on a solid phase and harvesting those library members that bind 
to the S. aureus polypeptide. Examples of such screening methods, termed "panning" 
techniques are described by way of example in Parmley and Smith, 1988, Gene 73:305- 
318; Fowlkes et al., 1992, BioTechniques 13:422-427; PCT Publication No. WO 
94/18318; and in references cited herein. 

[0380] In another embodiment, the two-hybrid system for selecting interacting 
proteins in yeast (Fields and Song, 1989, Nature 340:245-246; Chien et al., 1991, Proc. 
Natl. Acad. Sci. USA 88:9578-9582) can be used to identify molecules that specifically 
bind to any one of the S. aureus polypeptides shown in Table 1 . 

[0381] Where the & aureus polypeptide binding molecule is a polypeptide, the 
polypeptide can be conveniently selected from any peptide library, including random 
peptide libraries, combinatorial peptide libraries, or biased peptide libraries. The term 
"biased" is used herein to mean that the method of generating the library is manipulated so 
as to restrict one or more parameters that govern the diversity of the resulting collection of 
molecules, in this case peptides. 
-[0382] - Thus, a truly random peptide library would generate a collection of peptides in 
which the probability of finding a particular amino acid at a given position of the peptide 
is the same for all 20 amino acids. A bias can be introduced into the library, however, by 
specifying, for example, that a lysine occur every fifth amino acid or that positions 4, 8, 
and 9 of a decapeptide library be fixed to include only arginine. Clearly, many types of 
biases can be contemplated, and the present invention is not restricted to any particular 
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bias. Furthermore, the present invention contemplates specific types of peptide libraries, 
such as phage displayed peptide libraries and those that utilize a DNA construct 
comprising a lambda phage vector with a DNA insert. 

[0383] As mentioned above, in the case of a S. aureus polypeptide binding molecule 
that is a polypeptide, the polypeptide may have about 6 to less than about 60 amino acid 
residues, preferably about 6 to about 10 amino acid residues, and most preferably, about 6 
to about 22 amino acids. In another embodiment, a S. aureus polypeptide binding 
polypeptide has in the range of 15-100 amino acids, or 20-50 amino acids. 
[0384] The selected S. aureus polypeptide binding polypeptide can be obtained by 
chemical synthesis or recombinant expression: 

Examples 

Example 1: Isolation of a Selected DNA Clone Front the Deposited Sample 
[0385] Three approaches can be used to isolate a S. aureus clone comprising a 
polynucleotide of the present invention from any S. aureus genomic DNA library. The S. 
aureus strain ISP3 has been deposited as a convienent source for obtaining a S. aureus 
strain although a wide varity of strains S. aureus strains can be used which are known in 
the art. 

[0386] S. aureus genomic DNA is prepared using the following method. A 20ml 
overnight bacterial culture grown in a rich medium (e.g., Trypticase Soy Broth, Brain 
Heart Infusion broth or Super broth), pelleted, washed two times with TES (30mM Tris- 
pH 8.0, 25mM EDTA, 50mM NaCl), and resuspended in 5ml high salt TES (2.5M NaCl). 
Lysostaphin is added to final concentration of approx 50ug/ml and the mixture is rotated 
slowly 1 hour at 37°C to make protoplast cells. The solution is then placed in incubator 
(or place in a shaking water bath) and warmed to 55°C. Five hundred microliters of 20% 
sarcosyl in-TES (final concentration.2%) is.then added to lyse the cells. Next, guanidine 
HC1 is added to a final concentration of 7M (3.69g in 5.5 ml). The mixture is swirled 
slowly at 55°C for 60-90 min (solution should clear). .A CsCl gradient is then set up in 
SW41 ultra clear tubes using 2.0ml 5.7M CsCl and overlaying with 2.85M CsCl. The 
gradient is carefully overlayed with the DNA-containing GuHCl solution. The gradient is 
spun at 30,000 rpm, 20°C for 24 hr and the lower DNA band is collected. The volume is 
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increased to 5 ml with TE buffer. The DNA is then treated with protease K (10 ug/ml) 
overnight at 37°C, and precipitated with ethanol. The precipitated DNA is resuspended in 
a desired buffer. 

[0387] In the first method, a plasmid is directly isolated by screening a plasmid S. 
aureus genomic DNA library using a polynucleotide probe corresponding to a 
polynucleotide of the present invention. Particularly, a specific polynucleotide with 30-40 
nucleotides is synthesized using an Applied Biosystems DNA synthesizer according to the 
sequence reported. The oligonucleotide is labeled, for instance, with 32 P-y-ATP using T4 
polynucleotide kinase and purified according to routine methods. (See, e.g., Maniatis et 
al., Molecular Cloning: A Laboratory Manual, Cold Spring Harbor Press, Cold Spring, NY 
(1982).) The library is transformed into a suitable host, as indicated above (such as XL-1 
Blue (Stratagene)) using techniques known to those of skill in the art. See, e.g., Sambrook 
et al. MOLECULAR CLONING: A LABORATORY MANUAL (Cold Spring Harbor, 
N.Y. 2nd ed. 1989); Ausubel et al., CURRENT PROTOCALS IN MOLECULAR 
BIOLOGY (John Wiley and Sons, N.Y. 1989). The transformants are plated on. 1.5% agar 
plates (containing the appropriate selection agent, e.g., ampicillin) to a density of about 
150 transformants (colonies) per plate. These plates are screened using Nylon membranes 
according to routine methods for bacterial colony screening. See, e.g., Sambrook et al. 
MOLECULAR CLONING: A LABORATORY MANUAL (Cold Spring Harbor, N.Y. 
2nd ed. 1989); Ausubel et al., CURRENT PROTOCALS IN MOLECULAR BIOLOGY 
(John Wiley and Sons, N.Y. 1989) or other techniques known to those of skill in the art. 
[0388] Alternatively, two primers of 15-25 nucleotides derived from the 5' and 3' ends 
of a polynucleotide of Table 1 are synthesized and used to amplify the desired DNA by 
PGR using a S. aureus genomic DNA prep (e.g., the deposited S. aureus ISP3) as a 
template. PCR is carried out under routine conditions, for instance, in 25 ul of reaction 
mixture with 0.5 ug of the above DNA template. A convenient reaction mixture is 1.5-5 
-mM MgCl 2 , 0.0-1% (w/v)- gelatin,. 20 uM each ofdATP, dCTP, dGTP, dTTP, 25 pmol of 
each primer and 0.25 Unit of Taq polymerase. Thirty five cycles of PCR (denaturation at 
94°C for 1 min; annealing at 55°C for 1 min; elongation at 72°C for 1 min) are performed 
with a Perkin-Elmer Cetus automated thermal cycler. The amplified product is analyzed 
by agarose gel electrophoresis and the DNA band with expected molecular weight is 
excised and purified. The PCR product is verified to be the selected sequence by 
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subcloning and sequencing the DNA product. 

[0389] Finally, overlapping oligos of the DNA sequences of Table 1 can be 
synthesized and used to generate a nucleotide sequence of desired length using PCR 
methods known in the art. 

Example 2(a): Expression and Purification staphylococcal polypeptides in E. coli 
[0390]. The bacterial expression vector pQE60 is used for bacterial expression in this 
example. (QIAGEN, Inc., 9259 Eton Avenue, Chatsworth, CA, 91311). pQE60 encodes 
ampicillin antibiotic resistance ("Ampr") and contains a bacterial origin of replication 
("ori"), an IPTG inducible promoter, a ribosome binding site ("RBS"), six codons 
encoding histidine residues that allow affinity purification using nickel-nitrilo-tri-acetic 
acid ("Ni-NTA") affinity resin (QIAGEN, Inc., supra) and suitable single restriction 
enzyme cleavage sites. These elements are arranged such that an inserted DNA fragment 
encoding a polypeptide expresses that polypeptide with the six His residues (i.e., a "6 X 
His tag") covalently linked to the carboxyl terminus of that polypeptide. 
[0391] The DNA sequence encoding the desired portion of a S. aureus protein of the 
present invention is amplified from S. aureus genomic DNA or from the deposited DNA 
clone using PCR oligonucleotide primers which anneal to the 5' and 3' sequences coding 
for the portion of the S. aureus polynucleotide. Additional nucleotides containing 
restriction sites to facilitate cloning in the pQE60 vector are added to the 5* and 3' 
sequences, respectively. 

[0392] For cloning the mature protein, the 5 ! primer has a sequence containing an 
appropriate restriction site followed by nucleotides of the amino terminal coding sequence 
of the desired S. aureus polynucleotide sequence in Table 1 . One of ordinary skill in the 
art would appreciate that the point in the protein coding sequence where the 5' and 3' 
primers begin may be varied to amplify a DNA segment encoding any desired portion of 
the_complete protein shorter or longer than the mature form. The 3* primer has a sequence 
containing an appropriate restriction site followed by nucleotides complementary to the 3' 
end of the desired coding sequence of Table 1, excluding a stop codon, with the coding 
sequence aligned with the restriction site so as to maintain its reading frame with that of 
the six His codons in the pQE60 vector. 

[0393] The amplified S. aureus DNA fragment and the vector pQE60 are digested 
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with restriction enzymes which recognize the sites in the primers and the digested DNAs 
are then ligated together. The S. aureus DNA is inserted into the restricted pQE60 vector 
in a manner which places the S. aureus protein coding region downstream from the IPTG- 
inducible promoter and in-frame with an initiating AUG and the six histidine codons. 
[0394] The ligation mixture is transformed into competent E. coli cells using standard 
procedures such as those described by Sambrook et al., supra. E. coli strain M15/rep4, 
containing multiple copies of the plasmid pREP4, which expresses the lac repressor and 
confers kanamycin resistance ("Kanr"), is used in carrying out the illustrative example 
described herein. This strain, which is only one of many that are suitable for expressing a 
S. aureus polypeptide, is available commercially (QIAGEN, Inc., supra). Transformants 
are identified by their ability to grow on LB plates in the presence of ampicillin and 
kanamycin. Plasmid DNA is isolated from resistant colonies and the identity of the cloned 
DNA confirmed by restriction analysis, PCR and DNA sequencing. 

[0395] Clones containing the desired constructs are grown overnight ("O/N") in liquid 
culture in LB media supplemented with both ampicillin (100 ng/ml) and kanamycin (25 
Hg/ml). The O/N culture is used to inoculate a large culture, at a dilution of approximately 
1:25 to 1:250. The cells are grown to an optical density at 600 nm ("OD600") of between 
0.4 and 0.6. Isopropyl-fi-D-thiogalactopyranoside ("IPTG") is then added to a final 
concentration of 1 mM to induce transcription from the lac repressor sensitive promoter, 
by inactivating the lad repressor. Cells subsequently are incubated further for 3 to 4 
hours. Cells then are harvested by centrifugation. 

[0396] The cells are then stirred for 3-4 hours at 4°C in 6M guanidine-HCl, pH 8. The 
cell debris is removed by centrifugation, and the supernatant containing the S. aureus 
polypeptide is loaded onto a nickel-nitrilo-tri-acetic acid ("Ni-NTA") affinity resin column 
(QIAGEN, Inc., supra). Proteins with a 6 x His tag bind to the Ni-NTA resin with high 
affinity and can be purified in a simple one-step procedure (for details see: The 
QIAexpressionist, 1.995, QIAGEN, Inc., supra). Briefly_the supernatant is loaded_onto_the 
column in 6 M guanidine-HCl, pH 8, the column is first washed with 10 volumes of 6 M 
guanidine-HCl, pH 8, then washed with 10 volumes of 6 M guanidine-HCl pH 6, and 
finally the S. aureus polypeptide is eluted with 6 M guanidine-HCl, pH 5. 
[0397] The purified protein is then renatured by dialyzing it against 
phosphate-buffered saline (PBS) or 50 mM Na-acetate, pH 6 buffer plus 200 mM NaCl. 
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Alternatively, the protein can be successfully refolded while immobilized on the Ni-NTA 
column. The recommended conditions are as follows: renature using a linear 6M-1M urea 
gradient in 500 mM NaCl, 20% glycerol, 20 mM Tris/HCl pH 7.4, containing protease 
inhibitors. The renaturation should be performed over a period of 1.5 hours or more. 
After renaturation the proteins can be eluted by the addition of 250 mM immidazole. 
Immidazole is removed by a final dialyzing step against PBS or 50 mM sodium acetate pH 
6 buffer plus 200 mM NaCl. The purified protein is stored at 4°C or frozen at -80°C. 
[0398] Alternatively, the polypeptides of the present invention can be produced by a 
non-denaturing method. In this method, after the cells are harvested by centrifugation, the 
cell pellet from each liter of culture is resuspended in 25 ml of Lysis Buffer A at 4°C 
(Lysis Buffer A = 50 mM Na-phosphate, 300 mM NaCl, 10 mM 2-mercaptoethanol, 10% 
Glycerol, pH 7.5 with 1 tablet of Complete EDTA-free protease inhibitor cocktail 
(Boehringer Mannheim #1873580) per 50 ml of buffer). Absorbance at 550 nm is 
approximately 10-20 O.D./ml. The suspension is then put through three freeze/thaw 
cycles from -70°C (using a ethanol-dry ice bath) up to room temperature. The cells are 
lysed via sonication in short 10 sec bursts over 3 minutes at approximately 80W while 
kept on ice. The sonicated sample is then centrifuged at 15,000 RPM for 30 minutes at 
4°C. The supernatant is passed through a column containing 1.0 ml of CL-4B resin to pre- 
clear the sample of any proteins that may bind to agarose non-specifically, and the flow- 
through fraction is collected. 

[0399] The pre-cleared flow-through is applied to a nickel-nitrilo-tri-acetic acid ("Ni- 
NTA") affinity resin column (Quiagen, Inc., supra). Proteins with a 6 X His tag bind to - 
the Ni-NTA resin with high affinity and can be purified in a simple one-step procedure. 
Briefly, the supernatant is loaded onto the column in Lysis Buffer A at 4°C, the column is 
first washed with 10 volumes of Lysis Buffer A until the A280 of the eluate returns to the 
baseline. Then, the column is washed with 5 volumes of 40 mM Imidazole (92% Lysis 
Buffer A./ 8% Buffer. B) (Buffer B^ 50 mM Na-Phosphate, 300 mM NaCl, 10% Glycerol, 
10 mM 2-mercaptoethanol, 500 mM Imidazole, pH of the final buffer should be 7.5). The 
protein is eluted off of the column with a series of increasing Imidazole solutions made by 
adjusting the ratios of Lysis Buffer A to Buffer B. Three different concentrations are used: 
3 volumes of 75 mM Imidazole, 3 volumes of 150 mM Imidazole, 5 volumes of 500 mM 
Imidazole. The fractions containing the purified protein are analyzed using 8 %, 10 % or 
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14% SDS-PAGE depending on the protein size. The purified protein is then dialyzed 2X 
against phosphate-buffered saline (PBS) in order to place it into an easily workable buffer. 
The purified protein is stored at 4°C or frozen at -80°C. 

[0400] The following is another alternative method may be used to purify S. aureus 
expressed in E coli when it is present in the form of inclusion bodies. Unless otherwise 
specified, all of the following steps are conducted at 4-10°C. 

[0401] Upon completion of the production phase of the E. coli fermentation, the cell 
culture is cooled to 4-10°C and the cells are harvested by continuous centrifugation at 
15,000 rpm (Heraeus Sepatech). On the basis of the expected yield of protein per unit 
weight of cell paste and the amount of purified protein required, an appropriate amount of 
cell paste, by weight, is suspended in a buffer solution containing 100 mM Tris, 50 mM 
EDTA, pH 7.4. The cells are dispersed to a homogeneous suspension using a high shear 
mixer. 

[0402] The cells are then lysed by passing the solution through a microfluidizer 
(Microfuidics, Corp. or APV Gaulin, Inc.) twice at 4000-6000 psi. The homogenate is 
then mixed with NaCl solution to a final concentration of 0.5 M NaCl, followed by 
centrifugation at 7000 x g for 15 min. The resultant pellet is washed again using 0.5M 
NaCl, 100 mM Tris, 50 mM EDTA, pH 7.4. 

[0403] The resulting washed inclusion bodies are solubilized with 1.5 M guanidine 
hydrochloride (GuHCl) for 2-4 hours. After 7000 x g centrifugation for 15 min., the pellet 
is discarded and the S. aureus polypeptide-containing supernatant is incubated at 4°C 
overnight to allow further GuHCl extraction. 

[0404] Following high speed centrifugation (30,000 x g) to remove insoluble particles, 
the GuHCl solubilized protein is refolded by quickly mixing the GuHCl extract with 20 
volumes of buffer containing 50 mM sodium, pH 4.5, 150 mM NaCl, 2 mM EDTA by 
vigorous stirring. The refolded diluted protein solution is kept at 4°C without mixing for 

12 hours prior to further purification steps. _ 

[0405] To clarify the refolded S. aureus polypeptide solution, a previously prepared 
tangential filtration unit equipped with 0.16 urn membrane filter with appropriate surface 
area (e.g., Filtron), equilibrated with 40 mM sodium acetate, pH 6.0 is employed. The 
filtered sample is loaded onto a cation exchange resin (e.g., Poros HS-50, Perseptive 
Biosystems). The column is washed with 40 mM sodium acetate, pH 6.0 and eluted with 

154 



250 mM, 500 mM, 1000 mM, and 1500 mM NaCl in the same buffer, in a stepwise 
manner. The absorbance at 280 mm of the effluent is continuously monitored. Fractions 
are collected and further analyzed by SDS-PAGE. 

[0406] Fractions containing the S. aureus polypeptide are then pooled and mixed with 
4 volumes of water. The diluted sample is then loaded onto a previously prepared set of 
tandem columns of strong anion (Poros HQ-50, Perseptive Biosystems) and weak anion 
(Poros CM-20, Perseptive Biosystems) exchange resins. The columns are equilibrated 
with 40 mM sodium acetate, pH 6.0. Both columns are washed with 40 mM sodium 
acetate, pH 6:0, 200 mM NaCl. The CM-20 column is then eluted using a 10 column 
volume linear gradient ranging from 0.2 M NaCl, 50 mM sodium acetate, pH 6.0 to 1.0 M 
NaCl, 50 mM sodium acetate, pH 6.5. Fractions are collected under constant A 2 8o 
monitoring of the effluent. Fractions containing the 5". aureus polypeptide (determined, 
for instance, by 16% SDS-PAGE) are then pooled. 

[0407] The resultant S. aureus polypeptide exhibits greater than 95% purity after the 
above refolding and purification steps. No major contaminant bands are observed from 
Commassie blue stained 16% SDS-PAGE gel when 5 ug of purified protein is loaded. 
The purified protein is also tested for endotoxin/LPS contamination, and typically the LPS 
content is less than 0. 1 ng/ml according to LAL assays. 

Example 2(b): Expression and Purification staphylococcal polypeptides in E. coli 
[0408] Alternatively, the vector pQE 1 0 can be used to clone and express polypeptides 
of the present invention. The difference being such that an inserted DNA fragment 
encoding a polypeptide expresses that polypeptide with the six His residues (i.e., a "6 X 
His tag") covalently linked to the amino terminus of that polypeptide. The bacterial 
expression vector pQElO (QIAGEN, Inc., 9259 Eton Avenue, Chatsworth, CA, 91311) is 
used in this example . The components of the pQElO plasmid are arranged such that the 
- inserted-DNA- sequence -encoding .a-.polype.pti.de of _the p_resent_invention_expresses _the 
polypeptide with the six His residues {i.e., a "6 X His tag")) covalently linked to the amino 
terminus. 

[0409] The DNA sequences encoding the desired portions of a polypeptide of Table 1 
are amplified using PCR oligonucleotide primers from either genomic S. aureus DNA or 
DNA from the plasmid clones listed in Table 1 clones of the present invention. The PCR 
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primers anneal to the nucleotide sequences encoding the desired amino acid sequence of a 
polypeptide of the present invention. Additional nucleotides containing restriction sites to 
facilitate cloning in the pQElO vector are added to the 5' and 3 f primer sequences, 
respectively. 

[0410] For cloning a polypeptide of the present invention, the 5' and 3' primers are 
selected to amplify their respective nucleotide coding sequences. One of ordinary skill in 
the art would appreciate that the point in the protein coding sequence where the 5' and 3' 
primers begins may be varied to amplify a DNA segment encoding any desired portion of 
a polypeptide of the present invention. The 5' primer is designed so the coding sequence 
of the 6 X His tag is aligned with the restriction site so as to maintain its reading frame 
with that of S. aureus polypeptide. The 3' is designed to include a stop codon. The 
amplified DNA fragment is then cloned, and the protein expressed, as described above for 
the pQE60 plasmid. - 

[0411] The DNA sequences encoding the amino acid sequences of Table 1 may also 
be cloned and expressed as fusion proteins by a protocol similar to that described directly 
above, wherein the pET-32b(+) vector (Novagen, 601 Science Drive, Madison, WI 5371 1) 
is preferentially used in place of pQElO. 

Example 2(c): Expression and Purification of Stahphlococcusl polypeptides in E. coli 
[0412] The bacterial expression vector pQE60 is used for bacterial expression in this 
example (QIAGEN, Inc., 9259 Eton Avenue, Chatsworth, CA, 91311). However, in this 
example, the polypeptide coding sequence is inserted such that translation of the six His 
codons is prevented and, therefore, the polypeptide is produced with no 6 X His tag. 
[0413] The DNA sequence encoding the desired portion of the S, aureus amino acid 
sequence is amplified from a S. aureus genomic DNA prep using PCR oligonucleotide 
primers which anneal to the 5' and 3' nucleotide sequences corresponding to the desired 
port ion of the S. aureus polypeptides. Additional nucleotides containing restriction sites 
^facilitate cloning in the pQE60 vector are added to the 5' and 3' primer sequences. 
[0414] For cloning S. aureus polypeptides of the present invention, 5' and 3' primers 
are selected to amplify their respective nucleotide coding sequences. One of ordinary skill 
in the art would appreciate that the point in the protein coding sequence where the 5' and 3' 
primers begin may be varied to amplify a DNA segment encoding any desired portion of a 
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polypeptide of the present invention. The 3' and 5' primers contain appropriate restriction 
sites followed by nucleotides complementary to the 5' and 3* ends of the coding sequence 
respectively. The 3' primer is additionally designed to include an in-frame stop codon. 
[0415] The amplified S. aureus DNA fragments and the vector pQE60 are digested 
with restriction enzymes recognizing the sites in the primers and the digested DNAs are 
then ligated together. Insertion of the S. aureus DNA into the restricted pQE60 vector 
places the S. aureus protein coding region including its associated stop codon downstream 
from the IPTG-inducible promoter and in-frame with an initiating AUG. The associated 
stop codon prevents translation of the six histidine codons downstream of the insertion 
point. 

[0416] The ligation mixture is transformed into competent E. coli cells using standard 
procedures such as those described by Sambrook et al. E. coli strain M15/rep4, containing 
multiple copies of the plasmid pREP4, which expresses the lac repressor and confers 
kanamycin resistance ("Kanr"), is used in carrying out the illustrative example described 
herein. This strain, which is only one of many that are suitable for expressing S. aureus 
polypeptide, is available commercially (QIAGEN, Inc., supra). Transformants are 
identified by their ability to grow on LB plates in the presence of ampicillin and 
kanamycin. Plasmid DNA is isolated from resistant colonies and the identity of the cloned 
DNA confirmed by restriction analysis, PCR and DNA sequencing. 

[0417] Clones containing the desired constructs are grown overnight ("O/N") in liquid 
culture in LB media supplemented with both ampicillin (100 jag/ml) and kanamycin (25 
l^g/ml). The O/N culture is used to inoculate a large culture, at a dilution of approximately 
1:25 to 1:250. The cells are grown to an optical density at 600 nm ("OD600") of between 
0.4 and 0.6. isopropyl-p-D-thiogalactopyranoside ("IPTG") is then added to a final 
concentration of 1 mM to induce transcription from the lac repressor sensitive promoter, 
by inactivating the lad repressor. Cells subsequently are incubated further for 3 to 4 

hours. Cell s then are harvested b y centrifugation. . 

[0418] To purify the S. aureus polypeptide, the cells are then stirred for 3-4 hours at 
4°C in 6M guanidine-HCl, pH 8. The cell debris is removed by centrifugation, and the 
supernatant containing the S. aureus polypeptide is dialyzed against 50 mM Na-acetate 
buffer pH 6, supplemented with 200 mM NaCl. Alternatively, the protein can be 
successfully refolded by dialyzing it against 500 mM NaCl, 20% glycerol, 25 mM 
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Tris/HCl pH 7.4, containing protease inhibitors. After renaturation the protein can be 
purified by ion exchange, hydrophobic interaction and size exclusion chromatography. 
Alternatively, an affinity chromatography step such as an antibody column can be used to 
obtain pure S. aureus polypeptide. The purified protein is stored at 4°C or frozen at -80°C. 
[0419] The following alternative method may be used to purify S. aureus polypeptides 
expressed in E coli when it is present in the form of inclusion bodies. Unless otherwise 
specified, all of the following steps are conducted at 4- 1 0°C. 

[0420] Upon completion of the production phase of the E. coli fermentation, the cell 
culture is cooled to 4-10°C and the cells are harvested by continuous centrifugation at 
15,000 rpm (Heraeus Sepatech). On the basis of the expected yield of protein per unit 
weight of cell paste and the amount of purified protein required, an appropriate amount of 
cell paste, by weight, is suspended in a buffer solution containing 100 mM Tris, 50 mM 
EDTA, pH 7.4. The cells are dispersed to a homogeneous suspension using a high shear 



mixer. 



[0421] The cells ware then lysed by passing the solution through a microfluidizer 
(Microfuidics, Corp. or APV Gaulin, Inc.) twice at 4000-6000 psi. The homogenate is 
then mixed with NaCl solution to a final concentration of 0.5 M NaCl, followed by 
centrifugation at 7000 x g for 15 min. The resultant pellet is washed again using 0.5M 
NaCl, 100 mM Tris, 50 mM EDTA, pH 7.4. 

[0422] The resulting washed inclusion bodies are solubilized with 1.5 M guanidine 
hydrochloride (GuHCl) for 2-4 hours. After 7000 x g centrifugation for 15 min., the pellet 
is discarded and the S. aureus polypeptide-containing supernatant is incubated at 4°C 
overnight to allow further GuHCl extraction. 

[0423] Following high speed centrifugation (30,000 x g) to remove insoluble particles, 
the GuHCl solubilized protein is refolded by quickly mixing the GuHCl extract with 20 
volumes of buffer containing 50 mM sodium, pH 4.5, 150 mM NaCl, 2 mM EDTA by 
vigorous stirring. The refolded diluted protein solution is kept at 4°C without mixing for 
12 hours prior to further purification steps. 

[0424] To clarify the refolded S. aureus polypeptide solution, a previously prepared 
tangential filtration unit equipped with 0.16 urn membrane filter with appropriate surface 
area (e.g., Filtron), equilibrated with 40 mM sodium acetate, pH 6.0 is employed. The 
filtered sample is loaded onto a cation exchange resin (e.g., Poros HS-50, Perseptive 
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Biosystems). The column is washed with 40 mM sodium acetate, pH 6.0 and eluted with 
250 mM, 500 mM, 1000 mM, and 1500 mM NaCl in the same buffer, in a stepwise 
manner. The absorbance at 280 mm of the effluent is continuously monitored. Fractions 
are collected and further analyzed by SDS-P AGE. 

[0425] Fractions containing the S. aureus polypeptide are then pooled and mixed with 
4 volumes of water. The diluted sample is then loaded onto a previously prepared set of 
tandem columns of strong anion (Poros HQ-50, Perseptive Biosystems) and weak anion 
(Poros CM-20, Perseptive Biosystems) exchange resins. The columns, are equilibrated 
with 40 mM sodium acetate, pH 6.0. Both columns are washed with 40 mM sodium 
acetate, pH 6.0, 200 mM NaCl. The CM-20 column is then eluted using a 10 column 
volume linear gradient ranging from 0.2 M NaCl, 50 mM sodium acetate, pH 6.0 to 1.0 M 
NaCl, 50 mM sodium acetate, pH 6.5. Fractions are collected under constant A 280 
monitoring of the effluent. Fractions containing the S. aureus polypeptide (determined, 
for instance, by 16% SDS-P AGE) are then pooled. 

[0426] The resultant S. aureus polypeptide exhibits greater than 95% purity after the 
above refolding and purification steps. No major contaminant bands are observed from 
Commassie blue stained 16% SDS-PAGE gel when 5 ug of purified protein is loaded. 
The purified protein is also tested for endotoxin/LPS contamination, and typically the LPS 
content is less than 0.1 ng/ml according to LAL assays. 

Example 2(d): Cloning and Expression ofS. aureus in Other Bacteria 
[0427] S. aureus polypeptides can also be produced in: S. aureus using the methods of 
S. Skinner et al., (1988) Mol. Microbiol. 2:289-297 or J. I. Moreno (1996) Protein Expr. 
Purif. 8(3):332-340; Lactobacillus using the methods of C. Rush et al., 1997 Appl. 
Microbiol. Biotechnol. 47(5):537-542; or in Bacillus subtilis using the methods Chang et 
al., U.S. Patent No. 4,952,508. 

Example 3: Cloning and Expression in COS Cells 

[0428] A S. aureus expression plasmid is made by cloning a portion of the DNA 
encoding a S. aureus polypeptide into the expression vector pDNAI/Amp or pDNAIII 
(which can be obtained from Invitrogen, Inc.). The expression vector pDNAI/amp 
contains: (1) an E. coli origin of replication effective for propagation in E. coli and other 
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prokaryotic cells; (2) an ampicillin resistance gene for selection of plasmid-containing 
prokaryotic cells; (3) an SV40 origin of replication for propagation in eukaryotic cells; (4) 
a CMV promoter, a polylinker, an SV40 intron; (5) several codons encoding a 
hemagglutinin fragment (i.e., an "HA" tag to facilitate purification) followed by a 
termination codon and polyadenylation signal arranged so that a DNA can be conveniently 
placed under expression control of the CMV promoter and operably linked to the SV40 
intron and the polyadenylation signal by means of restriction sites in the polylinker. The 
HA tag corresponds to an epitope derived from the influenza hemagglutinin protein 
described by Wilson et al. 1984 Cell 37:767. The fusion of the HA tag to the target protein 
allows easy detection and recovery of the recombinant protein with an antibody that 
recognizes the HA epitope. pDNAIII contains, in addition, the selectable neomycin 
marker. 

[0429] A DNA fragment encoding a S. aureus polypeptide is cloned into the 
polylinker region of the vector so that recombinant protein expression is directed by the 
CMV promoter. The plasmid construction strategy is as follows. The DNA from a S. 
aureus genomic DNA prep is amplified using primers that contain convenient restriction 
sites, much as described above for construction of vectors for expression of S. aureus in 
E. coli. The 5' primer contains a Kozak sequence, an AUG start codon, and nucleotides of 
the 5' coding region of the S. aureus polypeptide. The 3* primer, contains nucleotides 
complementary to the 3' coding sequence of the S. aureus DNA, a stop codon, and a 
convenient restriction site. 

[0430] The PCR amplified DNA fragment and the vector, pDNAI/Amp, are" digested 
with appropriate restriction enzymes and then ligated. The ligation mixture is transformed 
into an appropriate E. coli strain such as SURE™ (Stratagene Cloning Systems, La Jolla, 
CA 92037), and the transformed culture is plated on ampicillin media plates which then 
are incubated to allow growth of ampicillin resistant colonies. Plasmid DNA is isolated 
from resistant colonies .and. examined ._by._ restriction analysis or other jneans for the 
presence of the fragment encoding the S. aureus polypeptide 

[0431] For expression of a recombinant S. aureus polypeptide, COS cells are 
transfected with an expression vector, as described above, using DEAE-dextran, as 
described, for instance, by Sambrook et al. (supra). Cells are incubated under conditions 
for expression ofS. aureus by the vector. 
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[0432] Expression of the S: aureus-HA fusion protein is detected by radiolabeling and 
immunoprecipitation, using methods described in, for example Harlow et al., supra,. To 
this end, two days after transfection, the cells are labeled by incubation in media 
containing 35 S-cysteine for 8 hours. The cells and the media are collected, and the cells 
are washed and the lysed with detergent-containing RIPA buffer: 150 mM NaCl, 1% NP- 
40, 0.1% SDS, 1% NP-40, 0.5% DOC, 50 mM TRIS, pH 7.5, as described by Wilson et al. 
(supra ). Proteins are precipitated from the cell lysate and from the culture media using an 
HA-specific monoclonal antibody. The precipitated proteins then are analyzed by SDS- 
PAGE and autoradiography. An expression product of the expected size is seen in the cell 
lysate, which is not seen in negative controls. 

Example 4: Cloning and Expression in CHO Cells 

[0433] The vector pC4 is used for the expression of S. aureus polypeptide in this 
example. Plasmid pC4 is a derivative of the plasmid pSV2-dhfr (ATCC Accession No. 
37146). The plasmid contains the mouse DHFR gene under control of the SV40 early 
promoter. Chinese hamster ovary cells or other cells lacking dihydrofolate activity that 
are transfected with these plasmids can be selected by growing the cells in a selective 
medium (alpha minus MEM, Life Technologies) supplemented with the chemotherapeutic 
agent methotrexate. The amplification of the DHFR genes in cells resistant to 
methotrexate (MTX) has been well documented. See, e.g., Alt et al., 1978, J. Biol. Chem. 
253:1357-1370; Hamlin et al., 1990, Biochem. et Biophys. Acta, 1097:107-143; Page et 
al., 1991, Biotechnology 9:64-68. Cells grown in increasing concentrations of MTX 
develop resistance to the drug by overproducing the target enzyme, DHFR, as a result of 
amplification of the DHFR gene. If a second gene is linked to the DHFR gene, it is 
usually co-amplified and over-expressed. It is known in the art that this approach may be 
used to develop cell lines carrying more than 1,000 copies of the amplified gene(s). 
Subsequently, when t he methotrexate is w ithdra wn, cell l ines are obt ai ned which c o ntain 
the amplified gene integrated into one or more chromosome(s) of the host cell. 
[0434] Plasmid pC4 contains the strong promoter of the long terminal repeat (LTR) of 
the Rouse Sarcoma Virus, for expressing a polypeptide of interest, Cullen, et al. (1985) 
Mol. Cell. Biol. 5:438-447; plus a fragment isolated from the enhancer of the immediate 
early gene of human cytomegalovirus (CMV), Boshart, et al., 1985, Cell 41:521-530. 
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Downstream of the promoter are the following single restriction enzyme cleavage sites 
that allow the integration of the genes: Bafn HI, Xba I, and Asp 718. Behind these cloning 
sites the plasmid contains the 3' intron and polyadenylation site of the rat preproinsulin 
gene. Other high efficiency promoters can also be used for the expression, e.g., the human 
13-actin promoter, the SV40 early or late promoters or the long terminal repeats from other 
retroviruses, e.g., HIV and HTLVI. Clontech's Tet-Off and Tet-On gene expression 
systems and similar systems can be used to express the & aureus polypeptide in a 
regulated way in mammalian cells (Gossen et al., 1992, Proc. Natl. Acad. Sci. USA 
89:5547-5551. For the polyadenylation of the mRNA other signals, e.g., from the human 
growth hormone or globin genes can be used as well. Stable cell lines carrying a gene of 
interest integrated into the chromosomes can also be selected upon co-transfection with a 
selectable marker such as gpt, G418 or hygromycin. It is advantageous to use more than 
one selectable marker in the beginning, e.g., G4 1 8 plus methotrexate. 
[0435] The plasmid pC4 is digested with the restriction enzymes and then 
dephosphorylated using calf intestinal phosphates by procedures known in the art. The 
vector is then isolated from a 1% agarose gel. The DNA sequence encoding the S. aureus 
polypeptide is amplified using PCR oligonucleotide primers corresponding to the 5' and 3' 
sequences of the desired portion of the gene. A 5' primer containing a restriction site, a 
Kozak sequence, an AUG start codon, and nucleotides of the 5* coding region of the S. 
aureus polypeptide is synthesized and used. A 3' primer, containing a restriction site, stop 
codon, and nucleotides complementary to the 3' coding sequence of the S. aureus 
polypeptides is synthesized" and used. The amplified fragment is digested with the 
restriction endonucleases and then purified again on a 1% agarose gel. The isolated 
fragment and the dephosphorylated vector are then ligated with T4 DNA ligase. E. coli 
HB101 or XL-1 Blue cells are then transformed and bacteria are identified that contain the 
fragment inserted into plasmid pC4 using, for instance, restriction enzyme analysis. 

_|0436] Chinese. _hamster_ovary cells lacking _an active DHFR gene are used for 

transfection. Five ug of the expression plasmid pC4 is cotransfected with 0.5 ug of the 
plasmid pSVneo using a lipid-mediated transfection agent such as Lipofectin™ or 
LipofectAMINE.™ (LifeTechnologies Gaithersburg, MD). The plasmid pSV2-neo 
contains a dominant selectable marker, the neo gene from Tn5 encoding an enzyme , that 
confers resistance to a group of antibiotics including G418. The cells are seeded in alpha 
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minus MEM supplemented with 1 mg/ml G418. After 2 days, the cells are trypsinized and 
seeded in hybridoma cloning plates (Greiner, Germany) in alpha minus MEM 
supplemented with 10, 25, or 50 ng/ml of methotrexate plus 1 mg/ml G418. After about 
10-14 days single clones are trypsinized and then seeded in 6- well petri dishes or 10 ml 
flasks using different concentrations of methotrexate (50 nM, 100 nM, 200 nM, 400 nM, 
800 nM). Clones growing at the highest concentrations of methotrexate are then 
transferred to new 6-well plates containing even higher concentrations of methotrexate (1 
uM, 2 uM, 5 uM, 10 mM, 20 mM). The same procedure is repeated until clones are 
obtained which grow at a concentration of 100-200 uM. Expression of the desired gene 
product is analyzed, for instance, by SDS-PAGE and Western blot or by. reversed phase 
HPLC analysis. 

Example 5: Quantitative Murine Soft Tissue Infection Model for S. aureus 
[0437] Compositions of the present invention, including polypeptides and peptides, are 
assayed for their ability to function as vaccines or to enhance/stimulate an immune 
response to a bacterial species (e.g., S. aureus) using the following quantitative murine 
soft tissue infection model. Mice (e.g., NIH Swiss female mice, approximately 7 weeks 
old) are first treated with a biologically protective effective amount, or immune 
enhancing/stimulating effective amount of a composition of the present invention using 
methods known in the art, such as those discussed above. See, e.g., Harlow et al., 
ANTIBODIES: A LABORATORY MANUAL, (Cold Spring Harbor Laboratory Press, 
2nd ed. 1 988). An example of an appropriate starting dose is 20ug per animal. 
[0438] The desired bacterial species used to challenge the mice, such as S. aureus, is 
grown as an overnight culture. The culture is diluted to a concentration of 5 X 10 8 cfu/ml, 
in an appropriate media, mixed well, serially diluted, and titered. The desired doses are 
further diluted 1:2 with sterilized Cytodex 3 microcarrier beads preswollen in sterile PBS 
-(3g/100ml).-Miee are anesthetized_briefly until docile, but still mobile andjnjected with 
0.2 ml of the Cytodex 3 bead/bacterial mixture into each animal subcutaneously in the 
inguinal region. After four days, counting the day of injection as day one, mice are 
sacrificed and the contents of the abscess is excised and placed in a 15 ml conical tube 
containing 1.0ml of sterile PBS. The contents of the abscess are then enzymatically 
treated and plated as follows. 
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[0439] The abscess is first disrupted by vortexing with sterilized glass beads placed in 
the tubes. 3.0mls of prepared enzyme mixture (1.0ml Collagenase D (4.0 mg/ml), 1.0ml 
Trypsin (6.0 mg/ml) and 8.0 ml PBS) is then added to each tube followed by 20 min. 
incubation at 37°C. The solution is then centrifuged and the supernatant drawn off 0.5 ml 
dH 2 0 is then added and the tubes are vortexed and then incubated for 10 min. at room 
temperature. 0.5 ml media is then added and samples are serially diluted and plated onto 
agar plates, and grown overnight at 37?C. Plates with distinct and separate colonies are 
then counted, compared to positive and negative control samples, and quantified. The 
method can be used to identify composition and determine appropriate and effective doses 
for humans and other animals by comparing the effective doses of compositions of the 
present invention with compositions known in the art to be effective in both mice and 
humans. Doses for the effective treatment of humans and other animals, using 
compositions of the present invention, are extrapolated using the data from the above 
experiments of mice. It is appreciated that further studies in humans and other animals 
may be needed to determine the most effective doses using methods of clinical practice 
known in the art. 

Example 6: Murine Systemic Neutropenic Model for S. aureus Infection 
[0440] Compositions of the present invention, including polypeptides and peptides, are 
assayed for their ability to function as vaccines or to enhance/stimulate an immune 
response to a bacterial species (e.g., S. aureus) using the following qualitative murine 
systemic neutropenic model. Mice (e.g., NIH Swiss female mice, approximately 7 weeks 
old) are first treated with a biologically protective effective amount, or immune 
enhancing/stimulating effective amount of a composition of the present invention using 
methods known in the art, such as those discussed above. See, e.g., Harlow et al., 
ANTIBODIES: A LABORATORY MANUAL, (Cold Spring Harbor Laboratory Press, 

. 2nd ed. 1 9.88) An example of an appro priate starting dose is 20ug per animal. 

[0441] Mice are then injected with 250-300 mg/kg cyclophosphamide 
intraperitonially. Counting the day of CP. injection as day one, the mice are left untreated 
for 5 days to begin recovery of PMNL'S. 

[0442] The desired bacterial species used to challenge the mice, such as S. aureus, is 
grown as an overnight culture. The culture is diluted to a concentration of 5 X 10 8 cfu/ml, 
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in an appropriate media, mixed well, serially diluted, and titered. The desired doses are 
further diluted 1 :2 in 4% Brewer's yeast in media. 

[0443] Mice are injected with the bacteria/brewer's yeast challenge intraperitonially. 
The Brewer's yeast solution alone is used as a control. The mice are then monitored twice 
daily for the first week following challenge, and once a day for the next week to ascertain 
morbidity and mortality. Mice remaining at the end of the experiment are sacrificed. The 
method can be used to identify compositions and determine appropriate and effective 
doses for humans and other animals by comparing the effective doses of compositions of 
the present invention with compositions known in the art to be effective in both mice and 
humans. Doses for the effective treatment of humans and other animals, using 
compositions of the present invention, are extrapolated using the data from the above 
experiments of mice. It is appreciated that further studies in humans and other animals 
may be needed to determine the most effective doses using methods of clinical practice 
known in the art. 

Example 7: Murine Lethal Sepsis Model 

[0444] S. aureus polypeptides of he present invention can be evaluated for potential 
vaccine efficacy using the murine lethal sepsis model. In this model, mice are challenged 
with extremely low lethal doses (frequently between 1 and 10 colony forming units [cfu]) 
of virulent strains of S. aureus. Initial studies are conducted to determine a less virulent 
strain of S. aureus. Polypeptides of the present invention (e.g., such as the polypeptides 
described in Table 1, fragments thereof and fragments that comprise the epitopes shown in 
Table 4) produced as Example 2(a)-(d), and optionally conjugated with another 
immunogen are tested as vaccine candidates. Vaccine candidates immunized mice are 
then challenged with a lethal dose of S. aureus which protect against death when 
approximately 100 times the LD 5 o of the strain employed are selected as protective 
antigens. 

[0445] More specifically, female C2H/HeJ mices are immunized subcutaneous ly in 
groups of 10 with 15 ug of protein formulated in complete Freund's adjuvant (CFA). 
Twenty one days later, mice are boosted in the same way with protein formulated in 
incomplete Freund's adjuvant. Twenty-eight days following boost animals are bled and a 
prechallenge immune titer against S. aureus proteins is determined by ELISA. 
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[0446] 35 days following the boost, a freshly prepared culture of S. aureus in BHI are 
diluted to approximately 35 to 100xLD 50 in sterile PBS and injected intraperitoneal^ into 
mice in a volume of 100 ul. Mice are monitored for 14 days for mortality. Survival rate is 
compared with a sham group immunized with PBS and adjuvant alone. 

Example 8: Identifying Vaccine Antigens Against Prevelant S. aureus Strains 
[0447] It is further determined whether the majority of the most prevalent S. aureus 
strains express the vaccine antigen(s) and polypeptide(s) identified by the lethal model of 
Example 7 or the models of Example 5 or 6. Immunoblot analysis is performed with cell 
ly sates prepared from Staphylococcus strains representative of the major capsular 
serotypes and probed with polyclonal antisera specific for the protective antigens. A 
preferred vaccine is comprised of a serological epitope of the polypeptide of the present 
invention that is well conserved among the majority of infective Staphyloccus serotypes. 

Example 9: Production of an Antibody 
a) Hybridoma Technology 
[0448] The antibodies of the present invention can be prepared by a variety of 
methods. (See, Current Protocols, Chapter 2.) As one example of such methods, cells 
expressing polypeptide(s) of the invention are administered to an animal to induce the 
production of sera containing polyclonal antibodies. In a preferred method, a preparation 
of polypeptide(s) of the invention is prepared and purified to render it substantially free of 
natural contaminants. Such a preparation is then introduced into an animal in order to 
produce polyclonal antisera of greater specific activity. 

[0449] Monoclonal antibodies specific for polypeptide(s) of the invention are prepared 
using hybridoma technology. (Kohler et al., Nature 256:495 (1975); Kohler et al., Eur. J. 
Immunol. 6:511 (1976); Kohler et al., Eur. J. Immunol. 6:292 (1976); Hammerling et al., 
_in: Monp_clona_l_Antibodies and_T-Cell Hybridomas, Elsevier, N.Y., pp. 563-681 (1981)). 
In general, an animal (preferably a mouse) is. immunized with polypeptide(s) of the 
invention or, more preferably, with a secreted polypeptide-expressing cell. Such 
polypeptide-expressing cells are cultured in any suitable tissue culture medium, preferably 
in Earle's modified Eagle's medium supplemented with 10% fetal bovine serum 



166 



(inactivated at about 56°C), and supplemented with about 10 g/1 of nonessential amino 
acids, about 1,000 U/ml of penicillin, and about 100 ug/ml of streptomycin. 
[0450] The splenocytes of such mice are extracted and fused with a suitable myeloma 
cell line. Any suitable myeloma cell line may be employed in accordance with the present 
invention; however, it is preferable to employ the parent myeloma cell line (SP20), 
available from the ATCC. After fusion, the resulting hybridoma cells are selectively 
maintained in HAT medium, and then cloned by limiting dilution as described by Wands 
et al. (Gastroenterology 80:225-232 (1981)). The hybridoma cells obtained through such 
a selection are then assayed to identify clones which secrete antibodies capable of binding 
the polypeptide(s) of the invention. 

[0451] Alternatively, additional antibodies capable of binding to polypeptide(s) of the 
invention can be produced in a two-step procedure using anti-idiotypic antibodies. Such a 
method makes use of the fact that antibodies are themselves antigens, and therefore, it is 
possible to obtain an antibody which binds to a second antibody. In accordance with this 
method, protein specific antibodies are used to immunize an animal, preferably a mouse. 
The splenocytes of such an animal are then used to produce hybridoma cells, and the 
hybridoma cells are screened to identify clones which produce an antibody whose ability 
to bind to the protein-specific antibody can be blocked by polypeptide(s) of the invention. 
Such antibodies comprise anti-idiotypic antibodies to the protein-specific antibody and are 
used to immunize an animal to induce formation of further protein-specific antibodies. 
[0452] For in vivo use of antibodies in humans, an antibody is "humanized". Such 
antibodies can be produced using genetic constructs derived from hybridoma cells 
producing the monoclonal antibodies described above. Methods for producing chimeric 
and humanized antibodies are known in the art and are discussed herein. (See, for review, 
Morrison, Science 229:1202 (1985); Oi et al., BioTechniques 4:214 (1986); Cabilly et al., 
U.S. Patent No. 4,816,567; Taniguchi et al., EP 171496; Morrison et al., EP 173494; 
Neuberger et ah WO 8601-533; Robinson et al., WO 8702671; Boulianne e^al., Nature 
312:643 (1984); Neuberger et al., Nature 314:268 (1985).) 

b) Isolation Of Antibody Fragments Directed Against Polypeptide(s) From A 
Library Of scFvs 
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[0453] Naturally occurring V-genes isolated from human PBLs are constructed into a 
library of antibody fragments which contain reactivities against polypeptide(s) of the 
invention to which the donor may or may not have been exposed (see e.g., U.S. Patent 
5,885,793 incorporated herein by reference in its entirety). 

Rescue of the Library 

[0454] A library of scFvs is constructed from the RNA of human PBLs as described in 
PCT publication WO 92/01047. To rescue phage displaying antibody fragments, 
approximately 109 E. coli harboring the phagemid are used to inoculate 50 ml of 2xTY 
containing 1% glucose and 100 jig/ml of ampicillin (2xTY-AMP-GLU) and grown to an 
O.D. of 0.8 with shaking. Five ml of this culture is used to innoculate 50 ml of 2xTY- 
AMP-GLU, 2 x 108 TU of delta gene 3 helper (Ml 3 delta gene III, see PCT publication 
WO 92/01047) are added and the culture incubated at 37°C for 45 minutes without 
shaking and then at 37°C for 45 minutes with shaking. The culture is centrifuged at 4000 
r.p,m. for 10 min. and the pellet resuspended in 2 liters of 2xTY containing 100 ug/ml 
ampicillin and 50 ug/ml kanamycin and grown overnight. Phages are prepared as 
described in PCT publication WO 92/01047. 

[0455] M13 delta gene III is prepared as follows: M13 delta gene III helper phage 
does not encode gene III protein, hence the phage(mid) displaying antibody fragments 
have a greater avidity of binding to antigen. Infectious Ml 3 delta gene HI particles are 
made by growing the helper phage in cells harboring a pUC19 derivative supplying the 
wild type gene III protein during phage morphogenesis. The culture is incubated for 1 
hour at 37° C without shaking and then for a further hour at 37°C with shaking. Cells are 
spun down (IEC-Centra 8,400 r.p.m. for 10 min), resuspended in 300 ml 2xTY broth 
containing 100 ug ampicillin/ml and 25 ug kanamycin/ml (2xTY-AMP-KAN) and grown 
overnight, shaking at 37°C. Phage particles are purified and concentrated from the culture 
medium by two PEG-precipitations (Sambrook et al., 1990),. resuspended in 2 ml PBS and_ 
passed through a 0.45 urn filter (Minisart NML; Sartorius) to give a final concentration of 
approximately 1013 transducing units/ml (ampicillin-resistant clones). 

Panning of the Library 
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[0456] Immunotubes (Nunc) are coated overnight in PBS with 4 ml of either 100 
|ig/ml or 10 |ig/ml of a polypeptide of the present invention. Tubes are blocked with 2% 
Marvel-PBS for 2 hours at 37°C and then washed 3 times in PBS. Approximately 1013 
TU of phage is applied to the tube and incubated for 30 minutes at room temperature 
tumbling on an over and under turntable and then left to stand for another 1.5 hours. 
Tubes are washed 10 times with PBS 0.1% Tween-20 and 10 times with PBS. Phage are 
eluted by adding 1 ml of 100 mM triethylamine and rotating 15 minutes on an under and 
over turntable after which the solution is immediately neutralized with 0.5 ml of 1.0M 
Tris-HCl, pH 7.4. Phages are then used to infect 10 ml of mid-log E. coli TGI by 
incubating eluted phage with bacteria for 30 minutes at 37°C. The E. coli are then plated 
on TYE plates containing 1% glucose and 100 |ag/ml ampicillin. The resulting bacterial 
library is then rescued with delta gene 3 helper phage as described above to prepare phage 
for a subsequent round of selection. This process is then repeated for a total of 4 rounds of 
affinity purification with tube-washing increased to 20 times with PBS, 0.1% Tween-20 
and 20 times with PBS for rounds 3 and 4. 

Characterization of Binders 

[0457] Eluted phage from the 3rd and 4th rounds of selection are used to infect E. coli 
HB 2151 and soluble scFv is produced (Marks, et al. ? 1991) from single colonies for assay. 
ELISAs are performed with microtitre plates coated with either 10 pg/ml of the 
polypeptide of the present invention in 50 mM bicarbonate pH 9.6. Clones positive in 
ELISA are further characterized by PCR fingerprinting (see, e.g., PCT publication WO 
92/01047) and then by sequencing. These ELISA positive clones may also be further 
characterized by techniques known in the art, such as, for example, epitope mapping, 
binding affinity, receptor signal transduction, ability to block or competitively inhibit 
antibody/antigen binding, and competitive agonistic or antagonistic activity. 

[0458] The disclosure of all publications (including patents, patent applications, 
journal articles, laboratory manuals, books, or other documents) cited herein and the 
sequence listings are hereby incorporated by reference in their entireties. 
[0459] The present invention is not to be limited in scope by the specific embodiments 
described herein, which are intended as single illustrations of individual aspects of the 
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invention. Functionally equivalent methods and components are within the scope of the 
invention, in addition to those shown and described herein and will become apparent to 
those skilled in the art from the foregoing description and accompanying drawings. Such 
modifications are intended to fall within the scope of the appended claims. 
[0460] The entire disclosure of each document cited (including patents, patent 
applications, journal articles, abstracts, laboratory manuals, books, or other disclosures) in 
the Background of the Invention, Detailed Description, and Examples is hereby 
incorporated herein by reference. Further, the hard copy of the sequence listing submitted 
herewith and the corresponding computer readable form are both incorporated herein by 
reference in their entireties. Moreover, the hard copy of and the corresponding computer 
readable form of the Sequence Listing of U.S. Patent Application Serial No. 60/151,933 is 
also incorporated herein by reference in its entirety. 
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